
THE 



VEGETABLE PROTEINS 


BY 

THOMAS B. OSBORNE, Ph.D., Sc.D. 

research chemist in the CONNECTICUT AGRICULTURAL EXPERIMENT STATION, 
NEW HAVEN, CONNECTICUT 

RESEARCH ASSOCIATE OP THE CARNEGIE INSTITUTION OF WASHINGTON, D.C. 



WIT^ DIAGRAMS 


SECOND EDITION 


LONGMANS, GREEN AND CO. 

39 PATERNOSTER ROW, LONDON, E.C. 4 

NEW YORK, TORONTO 
BOMBAY, CALCUTTA AND MJ^)RAB 

1924 



i^EGETABLE PROTEI> 



BY 

THOMAS B. OSBORNE, Ph.D.. Sc.D. 

RESBARCH CHEMIST IN THE CONNECTICUT AGRICULTURAL, EXPERIMENT STATION, 
NEW HAVEN, CONNECTICUT 

RESBARCH ASSOCIATE OP THE CARNEGIE INSTITUTION OF WASHINGTON, D.C. 



WITir DIAGRAMS 


SECOND EDITION 


LONGMANS, GREEN AND CO. 

» n 


PATRIiNOSTF,^ "ROW. F P. a 


/ 








Made in Great Britain 


2)c5tcatet> 


TO 

SAMUEL W. JOHNSON 

UNDER WHOSE DIRECTION THE AUTHOR 
FIRST UNDERTOOK HIS I^JVESTIGATIONS OF 


THE VEGETABLE PROTEINS 


/ 


PREFACE TO THE SECOND EDITION. 


The prediction in the last paragraph of the preface to the 
first edition has been so well fulfilled, and so much time has 
elapsed since the first edition was published, that the author 
has been urged to revise the text and to extend the scope of 
this monograph. 

During the thirteen years since the appearance of the first 
edition the progress of biochemistry has made some of the 
chapters in the first edition less important and others so 
much more important than formerly that some of these have 
been omitted and others rewritten. It has also been necessary 
to introduce several new chapters dealing with subjects which 
have become important since the first edition was written. 
As a result of these changes it has been necessary to entirely 
rewrite a very considerable part of this monograph. 

Tlje basic and acid properties of proteins, which were 
discussed in the first edition, have since been studied by 
many investigators, among whom Professor L. J.' Henderson 
has been particularly prominent. Since this field has now 
extended so far beyond the experience of the author, Professor 
Henderson has kindly contributed the chapter on “ The Rela- 
tion of Proteins to Acids and Bases.” The author wishes 
to express his appreciation of this important contribution to 
science, and to acknowledge with thanks his co-operation in 
setting forth our present state of knowledge respiting the 
relations of the vegetable proteins towards acids and bases. 

He also wishes to acknowledge the helpful suggestions and 
assistance which he has received from Dr. H. B. Vickery and 
Dr. A. C. Chibnall respectively, in the preparation of the 
chapters on the rate of hydrolysis of proteins and on the 
proteins in greetf plants. 
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It is with especial pleasure that the author takes this oppor- 
tunity to acknowledge the debt he owes to Dr. E. H. Jenkins, 
the Director of the Connecticut Agricultural Experiment 
Station, for his interest in and support of the investigations 
with which the author has been engaged during the past 
thirty-five years. 

Whatever may have been contributed by these investiga- 
tions to progress in this field of science has been in large 
measure due to the generous financial support which has also 
been afforded by the Carnegie Institution of Washington and 
by the kindly interest and encouragement received during many 
years from Professor R. S. Woodward, formerly Director of 
this Institution, and his successor. Professor J. C. Merriam. 

T. B. O. 
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PREFACE TO THE FIRST EDITION. 


Although the proteins of plants early claimed the attention 
of many chemists, our present knowledge of them has not 
yet advanced beyond what is, in fact, a mere beginning of a 
serious study. The isolation and purification of vegetable 
proteins present so many difficulties that for a long time the 
available methods were too crude to enable those who under- 
took such work to succeed in their task. The development 
of the methods used by physiological chemists in their investi- 
gations of animal tissues, the great development of organic 
chemistry, and the no less important knowledge of the use of 
antiseptics and the action of enzymes has only recently made it 
possible to prosecute a study of the vegetable proteins with a 
reasonable pi'ospect of success. 

A knowledge of the vegetable proteins is in many ways of 
importance to the animal physiologist, but the latter has had 
so many rapidly increasing lines of research opened to him 
during the past few years that he has had little time to give 
to the literature of the vegetable proteins. The writer has, 
therefore, thought it more important to devote the limited 
space of the present monograph to a discussion of the general 
chemical and physical properties of the vegetable proteins than 
to give a descriptive account of the individual proteins at 
present known. It is hoped that by this method of presenta- 
tion the opportunities offered by the vegetable proteins for 
obtaining a more definite knowledge of the properties of protein 
matter in general will be better appreciated, and that in; the 
future the studies of vegetable and animal proteins will be 
jDrought into closer relations than in the past. 

The knowledge of the chemistry of the carbohydrates has 
been chiefly founded on studies made with those of vegetable 
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origin, and it is not at all beyond the range of possibility that 
further study of the vegetable proteins will result in greatly 
extending our knowledge of the chemistry of the proteins of 
both animals and plants. 
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CHAPTER I. 

HISTORICAL REVIEW. 

Beccari [1745] published in the Proceedings of the Bologna 
Academy an account of his experiments with wheat flour, in which he 
described the separation of the flour into two parts, one of which, he 
says, was similar to those things that are extracted from vegetable 
substances,” and "the other was such that it did not seem possible to 
extract it except from animal matter.” He states that he had already 
communicated this fact to the Academy in 1728, but this communica- 
tion appears to have never been published. After giving a detailed 
description of the method by which he obtained this peculiar substance, 
which we now know as wheat gluten, he describes at length the 
experiments by which he compared its properties with products of 
animal origin and contrasted its behaviour with that of other known 
substances of vegetable origin. In making these comparisons he used 
destructive distillation and pointed out that the distillates from vegetable 
materials were acid, while those from the wheat gluten were alkaline like 
the distillates from animal substances. A comparison was also made 
between the products of putrefaction of gluten with those yielded by 
animal and vegetable matter under similar conditions. 

Kessel-Meyer [175 9] was the next to call attention to gluten, and 
gave a brief description of its preparation and of experiments to 
determine the action of various solvents upon it. 

Rouelle [1773, i] announced that the glutinous matter, which up to 
that time was known to exist only in the seeds of wheat, was present 
also in other parts of various plants. This he considered to be the 
nutritive substance from which the caseous part of milk was derived. 
He stated that it was insoluble in water and gave rise to the same 
products as the gluten of flour, and also that it can be changed into a 
body having the same odour as cheese, as Kessel-Meyer had found to 
be the case with wheat gluten. 

Later, Rouelle [i773> 2] separated this glutinous substance from the 
juice of hemlock by heating to a moderate temperature and filtering out 
the coagulum, which had a bright green colour. He also obtained by 
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fractional coagulation a part which contained nearly all of the colouring 
matter and, at a higher temperature, a part which was nearly free from 
colouring matter. The colouring matter could also be extracted by 
digesting the coagulum with alcohol. The protein nature of this sub- 
stance was proved by the products of destructive distillation. Rouelle 
was, therefore, the first to obtain evidence of the wide distribution of 
protein substances in the different parts of plants. 

During the same year Parmentier [1773, i] described his extensive 
study of various vegetable substances used for food, and among other 
questions to which he devoted his attention was the gluten of wheat. 
He found that this substance, while insoluble in mineral acids, was 
soluble in vinegar, and that by neutralising its solution with sodium 
carbonate it was precipitated with apparently unchanged properties. 
Its solution in vinegar, on evaporation to dryness, left a horny and 
yellow residue which was not hygroscopic. When the gluten was 
extracted with spirits of wine some was dissolved, and the yellow 
solution when evaporated left a transparent residue which burned with 
a strong odour of burning animal matter. Nevertheless he appears to 
have regarded this residue as a resin. When the gluten was boiled 
with water it lost its tenacity and coherence and had evidently suffered 
a decided physical change. When the gluten was exposed to dry air 
at a low temperature it left a residue which, when treated with water, 
regained its original moist weight; from this he concluded that it 
occurred in the seed in the dry form and on contact with water became 
hydrated, hence the necessity for kneading dough. 

Parmentier [1773, 2] in another paper stated that on drying, gluten 
lost two-thirds of its weight, and the dried product thus obtained, 
when triturated with water, was restored to its original glutinous and 
elastic condition. 

In 1776* Parmentier further stated that wheat flour must be very 
much altered in order to give no gluten, and that this substance com- 
pletely disappears only when the seed has germinated. 

At about this time Berthollet reported that when gluten was treated 
with nitric acid nitrogen was evolved and the residue became yellow. 

Fourcroy [1789] gave an extensive account of the occurrence of 
coagulable protein in the juices of various parts of many plants, and 
described the method by which he obtained preparations of what he 
supposed to be pure plant albumin. This he found to have all the 
properties of animal albumin, and he gave an account of a comparison 
of these two substances. Fourcroy was the first to recognise the pres- 
ence of two kinds of protein in plants. 
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From 1799 to 1805, albumin was found in the juices of many plants 
and in the sap of trees by a number of different investigators, who, 
however, added but little to the information which had been furnished 
by Fourcroy (cf. Deyeur and Vauquelin [1797], Vauquelin and Brong- 
niart [1798], Jordan [1801], Vauquelin [1801-02, 1802-03, 1803-04], 
Cadet [1803-04], Proust [1803, i, 2], Fourcroy [1802]). 

T^iuhof [1805, 2] discovered that a part of the gluten of wheat was 
soluble in alcf)hol, and described the existence of similar proteins in 
rye [1S05, 2] and barley [1806, i]. He, however, assumed that all of 
the gluten of wheat was soluble in alcohol, and considered this to be a 
characteristic property of all vegetable proteins except the albumin, 
which occurred dissolved in the juices of plants. He also undertook 
an extensive investigation of the constituents of the potato [1805, i], 
barley [1806, i], peas and beans [1806, 2] and lentils [1806, 3], and 
fouMcl that the leguminous seeds contained a form of protein which 
was not soluble in alcohol or in water. He assumed that this belonged 
tf) a distinctly different group of substances, although he recognised 
that it was related to the gluten found in the seeds of the cereals. 
Ills discoveries showed the presence of two new forms of protein 
matter in plants and laid the foundation for a more extended know- 
letlge of these substances. 

(ken [i8oy] in his Grundriss der in reviewing the literature 

of vegetable proteins, stated that gluten contains carbon, hydrogen, 
nitrogen, phosphorus and calcium, for by distillation it yields products 
which contain these elements. He further stated that plant albumin 
contains hydrogen, nitrogen, carbon, sulphur, oxygen and probably 
calcium phosphate, and cites a.s his authority the analyses by Fourcroy 
and a then recent paper by Jordan [1801]. He does not mention, 
however, the nature of the evidence given by these latter investigators 
from which this composition of plant albumin was deduced, and as he 
makes no reference to the original publications by either of these 
authors, it has not been possible to determine the basis for his state- 
ment, which appears to be the first publication in regard to the ultimate 
composition of vegetable proteins. * 

During the next ten years little advance was made beyond an 
addition to the number of seeds in which such substances were 
found (cf, Braeonnot [1813], John [1814], Seguin [1814], Vauquelin 
[1814, 1817], Link [1815], Boullay [X817], Proust [1817], Vogel 
[1818]). 

Taddei [1819, i] separated wheat gluten into two W'ell-characterised 
parts, one of which, soluble in alcohol, he called glladin, the other, 
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insoluble therein, zymom. By this observation three distinct proteins 
were shown to be present in wheat flower. 

Gorham [1821] described a protein soluble in alcohol which he 
obtained from the seeds of maize and to which he gave the name zein. 
A year later Bizio [1822, i, 2] stated that zein was a mixture of gliadin 
and zymom, which Taddei had then recently found in wheat gluten, 
together with fat, and he regarded this mixture as similar to the gluten 
of wheat. 

Braconnot [1827] described the protein constituents of some 
leguminous seeds. He named the protein which he obtained from 
them legumin, and showed that it formed salt-like combinations with 
acids. 

During the next few years little further progress was made in the 
study of plant proteins (cf. Marcet [i 827], Berzelius [i 828, 1, 2], Zenneck 
[1828], Braconnot [1829, 1830, 1831], Hermbstadt [1831], Gay-Lussac 
[1833]). Up time the knowledge of vegetable proteins had 

extended only to a recognition of their general occurrence in plant.s 
and to a more or less crude description of their physical properties and 
solubility. 

Boussingault [1836] published elementary analyses of several plant 
proteins which marked a new epoch in the development of their study, 
for these- analyses were soon followed by those made by Mulder [l 839 ]> 
and by those made by Liebig and his pupils (Liebig [1841, 1844], 
Varrentrap and Will [1841], Scherer [1841], Bence-Jones [1841], Heldt 
[1843], Rochleder [1843, 1844]). Apparently largely on the ground 
of these analyses, which agreed closely with those obtained with animal 
proteins, Liebig asserted, in 1841, that the different forms of plant 
proteins known at that time were identical with the proteins of animal 
origin which bore similar names. He recognised four such .substances, 
namely, vegetable albumin, plant gelatin, legumin or casein, and plant 
fibrin. 

Throughout the previous history of the development of knowledge 
of plant proteins and up to the time of Liebig, the idea of their identity 
with the animal proteins appears to have been universally acce|W:ed, 
and every effort had evidently been made by those who studied them 
to discover similarities between the proteins from the.se two source.s. 
In the year following, however, Dumas and Cahours [1842] presented 
the results of an elaborate study of the elementary composition of a 
considerable number of animal and vegetable proteins, which formed 
the foundation of a new advance in the knowledge of protein sub- 
stances in general and contributed especially to the future studie.s of 
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the proteins of plants. By means of their then newly developed 
method for determining nitrogen, they were able to clearly establish 
differences in the elementary composition between many of the proteins, 
and they .showed that these differences were particularly great in the 
case of some of the vegetable proteins. The identity which Liebig 
[1841] assumed to exist between the vegetable and animal protcin.s 
was thus disproved and the further accurate study of the proteins of 
vegetable origin became a matter of importance. 

Little was done during the next ten years materially to advance 
the knowledge of vegetable proteins, but Hartig [1S55, 185 G] publi.shed 
the results of his elaborate inve.stigations of .seeds, in which he showed 
that a large part of the reserve protein was present in the cells in the 
form of crystals and grains of more or less definite .structure. This 
discovery was followed three years later by Maschke’s [1S58, 1859] 
announcement that he had succeeded in artificially crystallising the 
protein of the Para or Brazil-nut, which Hartig had shown to be 
present in this seed in the form of rhombohedral crystals. 

Denis [1859] showed that many protein substances of both animal 
and vegetable origin were .soluble in neutral saline solutions, and thus 
presented to chemists an entirely new means for isolating and purifying 
the.se proteins. Although Deni.s’ discovery has since been of funda- 
mental importance in the modern study of protein.s, especially tho.se 
of .seed.s, it.s significance was not appreciated for several years. 

In 18G0, Ritthausen [1862, i] began the first sei*iou.s .study of the 
vegetable proteins, and devoted himself for many succeeding years to 
the production of preparations of the highest attainable purity, and to 
accurate determinations of their composition. As a result of these 
investigations the prevailing knowledge was greatly extended, and it 
became plain that these substances occurred in many diverse forms in 
the different seeds. Ritthausen’s work, therefore, furnished the first 
broad foundation for a knowledge of the vegetable protein.s, and the 
service which he rendered in developing this field of knowledge 
deserves far more recognition than it received during his lifetime. 

Weyl [1876, 1877] applied to seeds the method of extraction by 
solutions of neutral salts which Denis had proposed in 1858, and 
showed that a large number of different seeds contained protein soluble 
in saline solutions, and that this protein had properties similar to the 
globulins of animal origin. These vegetable globulins he divided into 
two groups, the myosins and vitellins, according as they were insoluble 
or soluble in saturated solutions of sodium chloride. The views which 
he advanced in respect to the general character of protein substances 
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in seeds received immediate and extended recognition on the part of 
physiologists and of those familiar with proteins of animal origin j and 
as he claimed that the preparations which Ritthausen had obtained by 
the aid of weak alkaline solutions were altered products of the original 
protein constituents of the seeds, the work of Ritthausen soon fell into 
disrepute and was discredited as not showing the real protein con- 
stituents of the seeds which he had studied. Although Ritthausen 
[1880, 1881, 1, 2, 3 ; 1882, 3, 5 ; 1884, 2] soon after showed that many 
of his preparations were largely or wholly soluble in saline solutions 
and had for the most part retained their original solubility unaltered, 
and also that the products obtained by direct extraction of seeds with 
neutral salt solutions agreed in many cases entirely with those which 
he had previously described, physiologists continued to overlook and 
disregard his assertions. At about the time Ritthausen ceased work- 
ing in this field investigations were begun by the writer and carried on 
throughout the next twenty years. During this time a few other in- 
vestigators occasionally dealt with special questions connected with the 
chemistry of the vegetable proteins but no connected or extensive in- 
vestigation of these substances was undertaken by any one else. As 
Ritthausen’s researches were far from exhaustive, and left the subject 
in such a state of confusion that it was impossible to form definite 
conclusions respecting much that he had described, the writer there- 
fore first directed his attention largely to a reinvestigation of the sub- 
jects dealt with by Ritthausen, hoping thereby to clear up some of the 
uncertainties pertaining to his work. 

Ritthausen’s efforts were largely directed to attempts to establish 
the identity of proteins obtained from different seeds and seem to have 
been inspired by an idea that a comparatively small number of veget- 
able proteins occurred in nature. The author, on the other hand, 
recognising that identity of such complex chemical compounds as are 
the proteins could not be proved by any of the means then available 
directed his efforts to establishing constant differences between those 
from different plants. Following this course it sopn became apparent 
that nearly all of the proteins from seeds of unlike species which R*itt- 
hausen considered to be alike were in fact different and further in- 
vestigation showed that no two species of seeds contained proteins 
which could not readily be shown to be chemically different, except in 
the case of seeds very closely related botanically. Even the latter 
have not yet yielded preparations which are certainly alike. Thus the 
closely related seeds of wheat and rye contain alcohol-soluble proteins 
which have thus far been proved to differ only in respect to specific 
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rotation, but this difference appears to be a constant one and to be 
characteristic of the protein. 

Anaphylaxis experiments conducted by Professor H. G. Wells 
(Wells and Osborne, 1911)1 using preparations made by the author, 
have indicated the almost infinite variety of vegetable proteins, and the 
occurrence of possibly identical proteins only in very closely related 
species. In this respect animals and plants are alike. After Kossel 
and Emil Fischer developed methods for determining the amino-acids 
which proteins yield when completely hydrolysed the vegetable proteins 
became of especial interest Analyses of many of them were thus made ^ 
by the author and his associates as well as by E. Abderhalden and 
others. The results of these analyses confirmed the wide differences 
between many of the proteins of seeds which the simpler and less 
certain methods earlier employed had indicated. 

Ihus a chemical basis for the differentiation of proteins became 
available and these substances, long ignored by the organic chemist, 
began to receive attention. Since many of the vegetable proteins 
present in seeds commonly used for food by men and animals differed 
greatly in their amino-acid make-up, not only from one another, but 
also from those obtained from animal food products, an extensive 
series of studie.s of their relative value in nutrition was begun in 1910 
by Osborne and Mendel. In ipiSi United States Department of 
Agriculture undertook investigations of the vegetable proteins under 
the direction of C. O. Johns and many valuable contributions to this 
subject have been made by him and his associates. 



CHAPTER II. 


OCCURRENCE OF PROTEINS IN DIFFERENT PARTS OF PLANTS, AND 
THEIR general CHARACTERISTICS. 

Proteins are found in the living parts of all plants. They occur in 
the dissolved state in the circulating fluids and in the soIution.s of the 
cell vacuoles, that is in the cell sap. In a semi-dissolved state they 
occur in the p rotoplasm , and in an undissolved state they are .stored 
as reserve pro tein in the cells of seeds, tubers, bulbs, bud.s and roots. 

In many cells undissolved protein is found in the form of well- 
developed crystals of various forms ; in irregular, semi-crystalline forms 
with faces and angles on a part of their surface, and as regular or di.s- 
torted spheres, all of which several forms are found in aleuronc grains ; 
and also in an amorphous, finely granular form, generally designated 
aleurone. In seeds the reserve protein occurs in the cells together 
with the non-nitrogenous reserve food materials, starch, oil, etc., which 
several substances fill the cells, leaving a thin layer of dried protoplasm 
between them and the cell wall (cf. Hartig [1855, 1856], Radlkofer 
[1859], Nageli [1862], Schimper [1880], Schulz [1901]). 

In most monocotyledonous plants the cells of the eado.sperm and 
embryo occupy distinct parts of the seed. The tissues of the endo.sperra 
of such seeds when fully ripe are, therefore, made up of cell.s which 
are almost entirely filled with the reserve food sub.stances, since the 
thin layer of protoplasm next to the cell wall forms a very small part 
of the contents of the cell. 

The tissues of the embryo contain protein associated with a greater 
variety of subtances than are present in the cells of the endosperm, and 
are also rich in nucleated cells, in which much of the protein apparently 
exists in the chromatin substance of the nuclei in special form.s of 
combination with nucleic acid. In this part of the seed the chemical 
conditions are therefore more complicated than in the cells of the 
endosperm, since the metabolic processes of the embryo apparently 
require a greater variety of substances than exist in the cells of the 
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endosperm of the fully ripe seed, whose chief office is to supply food 
to the subsequently developing embryo. - - 

In most dicotyledonous seeds the cells containing the reserve 
protein are distiibuted among those of the embiyo tissues. 

In roots, bulbs and tubers the imdissolved reserve protein occurs 
suspended in the cell sap, frequently iii the form of ciystals. 

Little that is definite is known concerning the chemical properties 
of any of the plant proteins except those of seeds, for the protein.s 
occurring in the physiologically active cells and fluids of plant.s have 
been but little studied, owing to the relatively small quantities in which 
they occur and the difficulty of separating them from each other. 

The total protein is ct^ntained in several different parts of the seed, 
namely, in tlie endosperm cells as reserve protein, in the protoplasm of 
these cells, and in the cells composing the tissues of the embryo, both 
in the cytoplasm and in the nuclei. As it is not possible, in most ca.ses, 
to separate these different parts of the seed by mechanical means, in 
sufficient quantity to permit a .study of the proteins of each, extracts of 
the entire seed will consequently contain a mixture of proteins from 
all the different parts of the seed, anti may be expected to ctmtain a 
number of different proteins, lixperience has shown this to be the 
case, a.s a careful examination of the extracts of all .seed.s thus far 
studied has .shown the presence of a number of different types of 
protein. The whole of the protein contained in seeds is, therefore, not 
reserve protein. Extracts of seed.s always contain in addition to a 
relatively large amount of one or two types of protein, which are 
manifestly the reserve protein of the seed, a certain .small proportion 
having distinctly different properties. It is probable that mo.st of this 
latter protein i.s yielded by the cells of the embryo a.s well a.s by the 
protoplasm of the endo.sperm cell.s. With most seeds definite evidence 
of this has not yet been obtained, but in the case of wheat the embryos 
are .separated by the commercial process of milling in a nearly pure 
condition, and a study of this product has shown that those proteins 
which are obtained only in small quantity from the entire seed are 
present in relatively large amounts in this embryo meal. The proteins 
of this embryo both in chemical and physical character differ from 
those of the endosperm and resemble more nearly the physiologically 
active proteins of animal tissues. These embryo proteins are 
associated with a large quantity of nucleic acid, so that products similar 
to the nucleoproteins and nucleins are obtained from this embryo meal. 

Thus Osborne and Voorhees [1893] (cf. also Frankfurt [1896] and 
O’Brien [1895]) found that the flour of the entire k»nel of samples of 
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spring and winter wheat yielded the quantities of the proteins enumer- 


ated in the following table : — 

Spring Wheat Winter Wheat 

Per Cent. Per Cent. 

Glutenin .... 

. 4-68 

4-17 

Gliadin .... 

. 3'96 

3-90 

Globulin .... 

. . . 0’62 

0*63 

Albumin .... 

. o '39 

0*36 

“ Proteose ” 

. . . 0‘2I 

o'43 

Osborne and Campbell [1900] obtained from the 

wheat embryo 


meal no gliadin or glutenin, lo per cent, of albumin, 5 P^r cent, of 
globulin and about 3 per cent, of “proteose.” The embryo meal 
contains a relatively large proportion of nucleated cells and therefore a 
large amount of nucleic acid, which was extracted in combination with 
the proteins, though much remained in the meal residue as an in.soluble 
combination with the residual protein. In view of these facts it is 
clear that a part of the globulin, albumin and proteose obtained from 
the entire seed was originally present in the tissues of the embryo, 
though some is also yielded by the endosperm cells possibly derived 
from the very small amount of protoplasm which these contained. 
Similar conditions must certainly exist in other seeds, so that the 
proteins found only in very small quantity in their extracts may be 
regarded as derived from the embryo and protoplasm rather than from 
the reserve protein of the seed. Thus, for instance, the hemp-.seed, 
which yields a large part of its protein in the form of crystalline edestin, 
also yields a ver}>' small quantity of one or two other proteins coagulated 
by heating” the extracts to about 80°, and also a little that is soluble 
in boiling water. 

The proteins of seeds have been the subject of extensive investiga- 
tion, and we now know much concerning the chemical and physical 
properties of a number of them from several species. By far the 
greater part of these belong unquestionably to the reserve proteins of 
the seeds, and are to be regarded as products of the metabolism of 
the plant which in the fully ripe seed no longer take part in its physio- 
logical processes. They are, therefore, in a sense analogous to 
excretory products, for, as Pfeffer, has said,i “All protopla.smic 
secretions which appear externally and are lost to the plant or which 
can take no further part in metabolism are to be regarded as excretory, 
substances.” 

In many ways the reserve seed proteins bear a relation to the 
physiologically active tissues of the parent plant similar to that which 

1 Pfeffer, W., The Physiology of Plants, p. 131. Second edition, 632 pp. Translated by 
Alfred J. Ewart. Oxford, 1900. 
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the animal albuminoids or scleroproteins bear to the physiologically 
active tissues of the animal, for the reserve protein of ripe seeds has 
even less connection with the living tissues of the plant which pro- 
duced it than the albuminoids of hair, horn and hoof have with the 
living tissues of the animal. 

This physiological analogy extends, within certain limits, to the 
chemical characteristics of these substances. Like the animal albumin- 
oids, the reserve seed proteins are more stable toward chemical and 
physical agents than are the proteins which form parts of the living' 
protoplasm of animals, and also, like most of the albuminoids, they 
differ more widely in the proportion of some one or more of the amino- 
acids which they yield when hydrolysed than do the more physiologic- 
ally active proteins of either vegetable or animal origin, the protamines 
excepted. Thus gliadin of wheat and hordein of barley yield more 
than 40 per cent, of glutaminic acid, while silk fibroin yields 36 per 
cent, of glycocoll and 2 1 per cent of alanine. The alcohol-soluble 
seed proteins yield the basic amino-acids in very small amount as do 
also some of the albuminoids, e.g. elastin and keratin. No such wide 
differences have been found among the physiologically active proteins 
of plants or animals, and in this respect many seed proteins and 
albuminoids present marked structural differences ffom the tissue 
proteins. The seed protdns, moreover, offer an advantage for chemical 
study which most of the albuminoids do not, as, unlike most of the 
latter, they can be obtained in a soluble form and very frequently in a 
well-crystallised state which makes their purification much easier than 
that of the insoluble albuminoids. 

Owing to their relatively great stability most of the reserve proteins 
of seeds can be subjected to extensive fractional precipitation, and the 
chemical and physical properties of successive fractions compared. 
These proteins, therefore, yield more definite and well-characterised 
preparations than do most of the known proteins of animal origin, 
and a study of them has resulted in more definite knowledge of the 
chemistry of protein matter than has been obtained by a study of pro- 
teins from any other source, with the exception of casein from cow’s 
milk. 

It was one of the earliest observations respecting the proteins of 
plants that their freshly expressed juices yielded a coagulum, when 
heated, which consisted chiefly of protein. Beyond numerous observa- 
tions on the beljaviour of the protein in plant cells which have been 
made by histologists very little has been learned concerning the nature 
of the protein in the leaves and stems of plfcts. Osborne, Wakeman, 
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and Leavenworth [1921] as well as Chibnall and Schryver [1921] have 
undertaken to isolate such protein, the former from spinach leaves and 
green alfalfa plants, the latter from cabbage, bean, and spinach leaves. 

From these investigations it appears that only a small part of the 
protein of the clear, expressed juice is in true solution and that most 
of this is coagulated by adding alcohol or heating. Much the greater 
part of the protein in the leaf is insoluble in such solvents as are usually 
employed for extracting proteins. 

The majority of seed proteins thus far studied are soluble in neutral 
saline solutions from which they are precipitated by dilution or dialysis. 
Those seeds, as yet studied, in which the protein occurs within the cell 
in the form of crystals or spheroids or of partly crystalline masses 
yield large quantities of protein precipitable by dialysis in forms similar 
to, or identical with, those which exist in the seed. Seeds of the 
cereals which contain the protein in a finely granular condition and 
without d(|finite form yield relatively small quantities soluble in saline 
solutions. The proteins isolated from many seeds are apparently ob- 
tained with unchanged properties. The crystalline and spheroidal 
forms exhibited by these proteins within the cells can be artificially 
reproduced by dialysing their saline solutions. 

In those cells of the endosperm in which protein is most frequently 
found in the form of crystals, or of small spheres, there is usually 
observed a globule, composed largely of insoluble mineral substance, 
commonly called a globoid. This globoid is formed from soluble 
mineral salts contained in the fluid of the cell, and it is possible that, 
as its constituents pass out of solution, through the formation of an 
insoluble combination, the concentration of the salts in the cell fluid is 
correspondingly reduced and the protein thereby precipitated, in much 
the same way as occurs when salts are removed by dialysis. 

As already stated, the proteins extracted from seeds are obtained 
in various forms which represent distinctly different protein substances. 
The solubility of the protein matter in different seeds varies greatly, 
but in general it is found that a part is soluble in water, a part is 
soluble in neutral saline solutions and a part is insoluble in either of 
these solutions but soluble in dilute solutions of acids or alkalis, while 
in the seeds of the cereals a part 13 also soluble in alcohol of from 70 
to go per cent. The proteins extracted from seeds by these several 
solvents will be considered in greater detail later. 



CHAPTER III. 

CHEMICAL INDIVIDUALITY OF PROTEIN PREPARATIONS. 

Since proteins have none of those physical and chemical characters 
which the chemist usually depends upon to show the individuality of 
an orj^anic chemical compound, their isolation in preparations of 
a.ssured chemical purity presents unusual difficulties ; in other words, 
proteins have no single physical property by mean.s of which any 
judgment can be formed in regard to the strict chemical individuality 
of any one of them. The best that can be done at present is to 
establi-sh a constancy of the ultimate composition of successive fractional 
precipitations of the protein under consideration, and to show the 
constancy of the physical properties anti products of hydrolysis of 
these fractions so far as this is possible. There can be no question, 
where dijfemim are cstabli.shed in composition or properties between 
successive fractions of a protein preparation, that the substance in 
question is a mixture. We can, therefore, for the pre.scnt, treat as 
individual proteins only those products whose extensive fractionation 
has given no evidence that a mixture is being dealt with, and we must 
await new methods of study before any one of these proteins can be 
definitely accepted as a true chemical entity; Many, however, of the 
proteins with which we are at present familiar have shown .such con- 
stancy of composition and properties that we feel justified in now 
considering them as substances of reasonably definite character. 

During recent years, studies of the anaphylaxis reactio n have 
indicated that it may be possible to es tablish chemical kientity by 
nwans of this biologic al reaction, a nd H- G. Wells (Weils and Osborne 
1911) has made extensive comparisons of numerous proteins prepared 
in the author’s laboratory. Several proteins obtained from different 
species of plants, although so similar in chemical and physical properties 
as to be indistinguishable, failed to react anaphylactically with 'one 
another, while others from botanically closely related species, and 
presumably chemically identical, reacted as vigorously as did prepara- 
tions from the same species. This test showed that each seed contains 
several chemically distinct proteins, and that no two seeds, unless very 
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\ closely related botanically, contain chemically identical proteins. At 
the present time the anaphylaxis reaction seems to be the best means 
available for establishing the probable chemical identity of protein 
preparations from different sources. 

The conclusion appears to be justified that an almost infinite number 
of chemically different proteins exist in plants and that it is a hopeless 
task to attempt to deal with any considerable part of these individually. 
It is, however, important to have a few well characterised individuals 
representing different types which shall afford material for studying the 
physical and chemical characters of this important group of substances. 
During the past thirty years the author and his associates have con- 
centrated attention on the preparation of a few proteins from different 
groups of seeds which in physical properties and chemical structure 
appear to present especial opportunities for future investigation. 

In this connection it is worth while to consider the evidence now 
available which indicates the possibility of separating these proteins 
from one another, as well as from associated substances, for it has been 
generally assumed that the difficulties presented in making such separa- 
tions are so great that there is little hope for success. Most of the seed 
proteins now known are soluble in salt solutions and can be precipitated 
by dialysis in the form of crystals or spheroids which are relatively large 
when compared with the minute particles of an amorphous precipitate. 
These separate from solution very slowly, and are deposited as dense 
precipitates which adsorb associated substances to a far less extent 
than do the amorphous, bulky precipitates of most proteins of animal 
origin. Good evidence of this is the fact that the chief protein of the 
castor bean, as Osborne, Mendel, and Harris have found, could be freed 
by a single reprecipitation by dialysis from all but minute traces of any 
toxic substance, though the solution from which it separated on the 
first dialysis contained a large quantity of the extremely poisonous 
ricin. Ricin, if not a protein, is, at least, so intimately associated 
with protein that it is almost quantitatively precipitated therewith. 
The conclusion is, therefore, justified that the separation from the 
water-soluble protein by a single reprecipitation by dialysis is in a high 
degree complete. This fact is good ground for considering it possible 
to separate proteins very completely from one another under such 
conditions. 

Further evidence of this is furnished also by the anaphylaxis reac- 
tion. As is well known, extremely small quantities of a protein suffice 
to sensitise guinea pigs to subsequent doses of the same protein. In 
many cases Wells and Osborne [1915] found that preparations of 
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vegetable proteins obtained by repeated precipitation by dialysis, or 
by dilution, were so completely freed from the water-soluble proteins 
of the same seed that no sensitisation to intoxicating doses of the latter 
occurred, even when relatively large quantities of the former were used 
for sensitising. It thus appears possible to separate very perfectly two 
individual proteins from one another when these occur in the same 
solution. 

The fact that many vegetable proteins can be easily obtained so free 
from carbohydrates that their preparations give no trace of reaction 
with the Molisch test is strong evidence that these can be entirely 
freed from such non-protein contaminations. 



CHAPTER IV. 


CLASSIFICATION OF VEGETABLE PROTEINS. 

A CHEMICAL classification should be based on definite properties of 
individual substances, but such a treatment of the proteins is at present 
manifestly impossible. It is, however, desirable to have some scheme 
by means of which the proteins can be brought together in an orderly 
fashion. All attempts, thus far made, to classify them have been based 
\ chiefly on their solubility under different conditions. This method of 
classification has proved in many ways unsatisfactory and inadequate, 
but seems, for the present, to be the best available. Attempts have 
been made to establish greater uniformity throughout the world in the 
classification of the proteins and to attach more definite and generally 
recognised meanings to the various terms and designations which have 
been used in describing and classifying them. To this end committees 
were appointed by societies in England ^ and America ^ for the purpose 
of agreeing on a scheme of classification for the proteins. These 
committees have reported plans which involve no serious point of 
difference. As the scheme of classification of the American committee 
is more detailed and was prepared to include the vegetable proteins, 
it is used in this monograph. This scheme provides for the following 
groups : — 

I. The Simple Proteins. 

(a) Albumins. 

(3) Globulins. 

(c) Glutelins. 

(d) Prolamins (Alcohol-soluble proteins). 

(e) Albuminoids. 

(/) Histones. 

(g") Protamines. 

1 Proteid Nomenclature, Report of Committee. J. Physiol., 1907, 35, xvii-xx. 

2 Recommendations of the Committee on Protein Nomenclature. Amer. J. Physiol., 1908 
21, xxvii-xxx, also Proceedings of the American Society of Biological Chemists, 1908, l, 142- 
* 45 - 
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II. Conjugated Proteins. 

{a) Nucleoproteins. 

{b) Glycoproteins- 
{c) Phosphoproteins. 

{d) Haemoglobins. 

{e) Lecithoproteins. 

III. Derived Proteins. 

1. Primary Protein Derivatives. 

(a) Proteans. 

{b) Metaproteins. 

(c) Coagulated proteins. 

2. Secondary Protein Derivatives. 

{a) Proteoses, 

(b) Peptones. 

(c) Peptides. 

The vegetable proteins belong to groups which were first established 
in connection with studies of animal proteins, but the definitions of 
these groups, as usually found in text-books dealing with proteins,, must 
be modified to some extent if they are to include those vegetable 
proteins which have properties in the main agreeing with those of 
the animal proteins heretofore assigned to such groups. 

All of the proteins of seeds which have been carefully studied 
belong to the group of simple proteins, and of those supposed to be 
conjugated proteins none has yet been proved to belong to this group, 
though it is quite possible that representatives of this group, possibly 
peculiar to plants, may exist abundantly in the cells of living plants. 
Thus the greater part of the protein in spinach or alfalfa leaves cannot 
be extracted by dilute alkali until the tissues are heated therewith for 
some time, suggesting that the protein moiety is rendered soluble in 
dilute alkalis or acids only after hydrolysis. Such data as have been 
secured indicate that this protein may be combined with flavone-like 
complexes. If true, this would represent a type of conjugated protein 
hitherto unknowa Conclusive evidence supporting this view has not 
yet been obtained. 

Nucleoproteins have been frequently described as occurring in 
vegetable cells and it is possible that they do thus occur, but if by 
nucleoproteins is meant some form of combination between protein 
and nucleic acid other than as a salt or nucleate, conclusive evidence 
of their existence has not been advanced. Compounds of nucleic 
acid and protein have been isolated from the embryo of wheat, but the 
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products obtained gave no evidence that they were anything other than 
protein nucleates. Phosphoproteins similar to caseins or egg-yolk 
vitellins have never been obtained from seeds, although it has not in- 
frequently been asserted that most of the seed proteins belong to this 
group. Lecithoproteins or glycoproteins are not yet known to be 
present in plants, but possibly exist in the physiologically active tissues 
which, up to the present time, have been but little studied from a 
chemical standpoint. 

Of the simple proteins found in plants none has been obtained 
which in any way resembles the albuminoids or protamines. Some 
of the seed globulins are similar to the histones in their high content 
in nitrogen and diamino-acids but there is no other reason for suppos- 
ing a relation to exist between them. 

Most of the globulins from seeds, unlike those of animal origin, are 
incompletely coagulated by heating their faintly acid solutions and in 
some cases are not coagulated at all. Their relations to saturated salt 
solutions are also different, for many of them are not precijutated liy 
saturating their solutions with magnesium sulphate or half saturating 
with ammonium sulphate. All are, however, precipitated from saline 
extracts of the seeds by dilution or dialysis, and on the basis of thi.s, 
the essential characteristic of a globulin, are assigned to this group. 
The term globulin was originally applied to proteins which are in- 
soluble in water but readily soluble in dilute saline solution from which 
they are precipitated by dilution or by dialysis. The method now 
almost universally adopted by physiological chemists of differentiating 
globulins from albumins by half saturation with ammonium sulphate 
cannot be applied to the -vegetable proteins because many of them 
which are pre-eminently globulins according to the original definititju 
are not precipitated until their solutions are much more than half 
saturated. The distinction between globulins and other types t)f 
proteins which is founded on solubility in dilute salt solutions i.s one 
of the most convenient means of grouping a large part of the known 
proteins obtained from seeds. It seems unfortunate, therefore, that 
a method of distinguishing globulins should have been introduced which 
cannot be applied to one of the best characterised and numenjiisly 
represented groups of the vegetable proteins. * The author thinks that 
the practice of the physiologists should be abandoned so that the con- 
fusion thereby introduced can be avoided. 

On the ground of some similarity to proteoses, especially the hetero- 
proteoses, it has been suggested that many of the seed globulins 
belonged to this group. Experiments with the erepsin-like enzyme tjf 
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Penicilliuyn cameniberti (Dox, 1 909) have shown that while this enzyme 
rapidly hydrolyses casein it has no action on any of the several seed 
proteins tested, including some of tlie typical globulins. It is therefore 
probable that the seed globulins are constituted similarly to the true 
or simple proteins of animal tissues and fluids, which are not attacked 
by erepsin. 

A few of the seed proteins have properties characteristic of albumins, 
that is, are soluble in water and coagulable by heat. These, however, 
differ from animal albumins in their relations to saturated salt solutions, 
for some of them are precipitated by saturating with sodium chloride 
or magnesium sulphate and some also at less than half saturation with 
ammonium sulphate. 

Two groups of proteins are found in seeds which have no I'epresent- 
atives among the animal proteins, namely, the prolamins and the 
glutelins. The former is one of the most definitely characterised 
group of proteins known, for its members are freely soluble in ethyl 
alcohol of 70 to 80 per cent, one even dissolving in all proportions in 
alcohol of 90 to 92 per cent. They are also soluble in many other 
alcohols. The prolamins are sharply differentiated from other proteins 
in their constitution, since all that have been hydrolysed with acids 
yield a relatively large amount of ammonia, glutaminic acid and 
proline and a very small proportion of arginine and histidine, and 
very little or no lysine. 

The- group of glutelins has been provided to include those proteins 
which cannot be extracted from many seeds by neutral solvents but 
are easily extracted by very dilute alkalis. The only carefully studied 
member of this group is glutenin from wheat flour, but evidence of the 
existence of proteins of similar solubility in many other seeds has been 
obtained. 

I. Simple Proteins. 

(a) Albumins. 

After Beccari’s discovery of the existence of a protein substance in 
wheat flour, the presence of coagulable protein was soon recognised in 
the juices from many parts of different plants. The similarity of this 
substance to the albumin of hen’s egg caused it long to be known as 
albumin. After advances had been made in the study of the proteins 
the term albumin was restricted to those proteins which are soluble in 
pure water and coagulable by heat. The animal albumins are not 
precipitated by saturating their neutral solutions with sodium chloride 
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nor with magnesium sulphate. The vegetable albumins on the other 
hand are, in many cases, precipitated by saturation with one oi the 
other of these salts, and are included in the group of albumins on the 
basis of their solubility in water at neutral or slightly acid reaction and 
their coagulability by heat. It is not always easy to decide whetheij 
or not, a vegetable protein actually belongs witli the albumins, as it i.s 
difficult, in many cases, to determine whether the protein substance in 
j question is soluble in water alone or whether the presence of minute 
quantities of salts, bases or acids has caused its solubility. Thus, some 
leguminous seeds contain legumelin, w'hich appears to be soluble in 
pure water but is partially precipitated by long-continued dialysis. 
Such precipitates, however, are not soluble in saline solutions and it is 
probable that they result from a denaturing of the protein. Whether 
in these cases denaturing occurs before precipitation, or the precipitation 
results from a complete removal of the salts and denaturing occurs 
afterwards, is difficult to establish, and doubt exists, therefore, in regard 
to the solubility relations of such proteins. Owing to the .small 
quantity in which albumins have thus far been obtained from seeds, 
and the difficulties presented in completely separating them from 
associated globulins, conclusive evidence in regard to the albumin 
nature of some of them has not yet been obtained. Such proteins 
must, for the present, be regarded as albumins, since their propertie.s 
seem to agree best with those characteristic of this group. Leiico.siri 
of wheat has been the most carefully studied vegetable albumin in 
respect to its solubility in water, and it has been found to be completely 
soluble in solutions which contain but a mere trace of mineral matter. 
Most seeds and, probably, most plant juices yield proteins which are as 
well entitled to be placed in the group of albumins as any of those of 
animal origin. The best characterised vegetable albumins are : — 


Leucosin found in the seeds of 


Legumelin (Osborne and Campbell, i8g8, 5) 
found in the seeds of 


Wheat, Triticum vttlgare (Osborne and Voor- 
hees, 1893 ; Osborne and Campbell, rgoo). 

Rye, Secale cereale (Osborne, 1895, !)• 

Barley, Hordeim vulgare (Osborne, 1895, 2). 

'Pea, Pisum sativum (Osborne and Campbell, 
1898,1). 

Horse-bean, Vicia faba (Osborne and Camp- 
bell, 1898, 3). 

Vetch, Vicia sativa (Osborne and Campbell. 
1898, 4). 

Soy-bean, Glycine hispida (Osborne and 
Campbell, 1898, 6). 

Lentil, Ervum lens (Osborne and Campbell, 
1898, a). 

Adzuki-bean, Phaseoltis radiaius (Osborne 
ah 3 Campbell, 1897, ' 

Cow-pea, Vigna sinensis (Osborne and Camp- 
bell, 1897, 4). 
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rKidney-bean, Phaseolus vulgaris (Osborne, 
Fhaselin found in the seeds of ^894 ; Waterman, Johns and Jones, 

I 1923)- 

. j. 3 ■ 3 , rCastor-bean, Ricinus communis (Osborne, 

Ricin found m the seeds of \ Mendel and Harris. 1905). 

Small quantities of albumins are also found in most other seeds but 
^ have not been studied or given distinctive names. 

(S) Globulins. 

The presence of protein matter soluble in neutral saline solution in 
seeds was first shown by Denis [1859] and later confirmed by Hoppe- 
Seyler [1866-1871, i]. Denis found that such substances were ex- 
tracted from vegetable tissues by solutions of sodium chloride. Weyl 
[1876, 1877] examined a large number of seeds and found that all of 
them contained protein soluble in solutions of sodium chloride. He 
divided the globulin thus extracted into two groups, the vitellins, 
soluble in saturated solutions of sodium chloride, and the myosins, in- 
soluble therein. Vines [1879, 1880, 2] soon after investigated the 
action of salt solutions on the aleurone grains in different seeds and 
proposed a classification of these based on his observations. The criti- 
cism made by Weyl of the results which Ritthausen had obtained by 
extracting seeds with dilute alkalis led Ritthausen to apply extraction 
with sodium chloride solutions to a number of the seeds which he had 
previously studied, and he showed that most of the seed proteins were 
globulins. ■ The experience of all who. have since worked with the 
proteins of seeds has fully confirmed this conclusion. 

Globulins, as here defined, are proteins insoluble in water but 
soluble in saline solutions. In this group must be included, for con- 
venience, a large number of vegetable proteins which may not strictly 
conform to this definition. Osborne [1901, 2] showed that prepara- 
tions of edestin crystallised from sodium chloride solutions contain 
combined hydrochloric acid, those from sodium sulphate solutions con- 
tain combined sulphuric acid. This was demonstrated by suspending 
the preparation in water and adding potassium’ hydroxide solution to 
neutral reaction. During the titration the edestin does not dissolve 
■ but yields its combined acid to the alkali. By filtering out the edestin 
an amount of potassium chloride or sulphate was found in the filtrate 
closely corresponding to the amount of potassium hydroxide added. 
It was further found that when the potassium chloride corresponded 
to 0'7 c.c. of potassium hydroxide per gramme of edestin the prepara- 
tion was entirely insoluble in water, but when greater, the edestin was 
soluble in proportion to the excess of combined hydrochloric acid thus 
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indicated. When this excess was equal to 0'7 c.c. per gramme, corre- 
sponding to a total acid content of i '4 c.c. per gramme, all of the 
edestin was soluble in water. The free edestin as well as the edestin 
hydrochloride represented by the lower content of hydrochloric acid is 
insoluble in water but readily soluble in sodium chloride solution, i.e. 
these behave like typical globulins. On the other hand, the hydro- 
chloride containing the larger quantity of acid is precipitated from its 
aqueous solution by adding a small amount of sodium chloride, but 
redissolves on adding more. It is thus evident that the solubility of 
this globulin depends on the amount of acid combined with it as well 
as on the concentration of the salt solution used as a solvent. There 
are other proteins, e,g. legumin from the pea or vetch, which when 
precipitated from sodium chloride solutions by dialysis or dilution 
behave like globulins, but if suspended in water are completely dis- 
solved when dilute alkali is added up to the neutral point to phenol- 
phthalein. Whether or not such proteins form salts with strong acids 
similar to those formed by edestin has not been definitely determined, 
but however this may be, they, behave like globulins under the condi- 
tions under which they are usually obtained. It seems more appro- 
priate, therefore, to assign such proteins to the group of globulins 
than to the albumins, because it is characteristic of the latter to be 
soluble in water or in saline solutions irrespective of the presence of 
acids. 

Saturation with sodium chloride was formerly made the basis for 
a division of the globulins into two groups, myosins and vitellins. 
Experience has shown that such a distinction cannot well be made, 
inasmuch as many of the proteins which were designated as myosins 
are, in fact, albumins, and some of those which were designated 
vitellins are not soluble in saturated sodium chloride solutions. 
Thus, the so-called myosin in the seeds of the cereals consists entirely 
of the albumin leucosin, and the globulin of the castor-bean, which is 
partially precipitated by saturating its solution with sodium chloride, 
has been found to consist not of two proteins, one of which is soluble 
in saturated sodium chloride solution and the other insoluble, but of 
one protein which is less soluble in a saturated saline solution than in 
a more dilute one (Osborne and Campbell, 1897, 2). 

While the animal globulins are precipitated by* saturating their 
solutions with magnesium sulphate, many of the vegetable globulins 
cannot thus be precipitated, but satu ration with sodium sulphate, at 
33 > precipitat es all of them as yet thus teste d. The vegetable 
globulins are precipitated by partial saturation with ammonium 
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sulphate at very different degrees of saturation. Although many of 
them are precipitated by adding an equal volume of a saturated 
solution of ammonium- sulphate to their solutions, others are not 
precipitated until their solutions are nearly saturated with this salt. 

The animal globulins are all coagulated by heating their solutions 
to various temperatures. Most of the seed globulins are only im- 
perfectly coagulated by heating their solutions even to boiling, and 
some of them can be thus heated for a very long time without showing 
any apparent change. 

A number of the vegetable globulins can be readily obtained in 
crystals ; some of them crystallise with difficulty, and nearly all of 
those which do not crystallise are obtained in the form of minute 
spheroids. Crystallisation can be effected in various ways. Globulins 
which crystallise readily are usually precipitated by dialysis in well- 
formed crystals. ■ Such are edestin from the hemp-seed, excelsin from 
the Brazil-nut, and the globulins of the squash-seed, the flax-seed, the 
oat-kemel and the castor bean. The globulin of the castor-bean is 
commonly obtained by dialysis in the form of spheroids, but fi'equently 
mixtures of spheroids and crystals result, although occasionally 
completely crystalline separations occur. Phaseolin, from Phaseolus 
vulgarisy frequently precipitates on dialysis in the form of minute 
spheroids, mixed with a few octahedral crystals which sometimes are 
of unusual size and very perfect form, but completely crystalline 
preparations of this globulin have never yet been obtained. Globulins I 
which crystallise easily generally can be obtained in crystals by diluting! 
their sodium chloride solutions with water heated to 50° or 60” until! . 
a slight turbidity forms. After warming the diluted solution until' ' 
this turbidity disappears and then allowing it to cool slowly, the ^ 
protein separates in well-developed crystals. 

Schmiedeberg [1877] who obtained crystals of the globulin from 
the Brazil-nut, by treating its solution with magnesia and evaporating 
it slowly, considered the crystals of this substance to be the mag- 
nesium salt of the protein. This view of the nature of the crystals of 
this globulin was formerly accepted, and was frequently found in the 
current literature dealing with this protein, although Osborne [1892, 
3], showed that much more perfectly crystalline preparations of this 
globulin than are described by Schmiedeberg are obtained by simply 
dialysing its faintly acid saline solutions in running water. These 
crystals are unquestionably salts of the globulin with the acid of 
the extract, and are not compounds with magnesia or any other 
base. 
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The following is a list of the principal globulins : — 


Legumin (Osborne and Campbell 1898, 5), 
found in the seeds of 


Vignin found in the seeds of 
Glycinin found in the seeds of 
Phaseolin, ciystalline, found in the seeds of 


fPea, Pimm sativum (Osborne and Campbell, 
1898, i). 

Horse-bean, Vida faba (Osborne and Camp- 
bell, 1898, 3). 

Vetch, Vida saiiva (Osborne and Campbell, 
1898, 4). ^ „ 

Lentil, Ervum lens (Osborne and Campbell, 
1898, 2). 

{ Cow-pea, Vigna sinensis (Osborne ana Camp- 
bell, 1897, 4). 

{ Soy-bean, Glydne hispida (Osborne and 
Campbell, i8g8, 6). 

{ Kidney-bean, Phaseolus vulgaris (Osborne 
1894 ; Finks and Johns, 1920). 

{ Kidney-bean, Phaseolus vulgaris (Waterman, 
Johns and Jones, 1923). 

( Lupines, Lupinus (Osborne and Campbell, 
I 1897, I ; Osborne and Harris, 1905* 2). 

(Pe2L,Pisum sativum (Osborne and Campbell, 

I 1898, i). 

j Horse-bean, Vida faba (Osborne and Camp- 
] bell, 1898, 3). 

I Lentil, Ervum lens (Osborne and Campbell, 
L 1898, 2), 

/"Chinese velvet bean, Siizolobium niveum 
.! (Johns and Finks, igi8 ; Jones and Johns , 

I 1919). 

{ Jack bean, Canavalia ensi/ormis (Jones and 
Johns, 1916). 

/] geanut, Arachis hypogaea (Ritthausen, 18S0 ; 
'Johns and Jones, igi6, 19x7, i). 

Maple, Acer saccharinum (Anderson, igax). 
JHazel-nut, Corylus avellena (Osborne and 
[. Campbell, 1896, 5). 

^Almond, Primus amygdalus (Osborne and 
Campbell, 1896, 5L 

Peach, Prunus persica (Osborne and Campbell, 
1896, 5). 

Plum ? Prunus domestica (Dumas and Cahours, 
XS42). 

Apricot ? Prunus armcniaca (Dumas and 
L Cahours, 1842). 

^European walnut, juglans regia (Osborne and 
Campbell, 1896, 5). 

I American black walnut, juglans nigra (Os- 
I borne and Harris, 1903, 5). 

' American butter-nut, fuglans ctnerea (Osborne 
and Harris, 1903, 5). 

Excelsin, crystalline, found in the seeds of :"S; ^fholletia excelsa (Osborne, 1892, 


Conphaseolin found in the seeds of 
Conglutin found in the seeds of 


Vicilin found in the seeds of 


Stizolobin found in the seeds of 

Canavalin found in the seeds of 
Concanavalin found in the seeds of 
Arachin found in the seeds of 
Conarachin found in the seeds of 
Acerin found in the seeds of 

Corylin found in the seeds of 


Amandin found in the seeds of 


Juglansin found in the seeds of 


1 


\ ■ - 3 ; Weyl, 1877). 

{ Hemp, Cannabis saliva (Ritthausen, i88r, i ; 
Osborne, 1892, 3). 

Avenalin, crystalline, found in the seeds of { 


Edestin, crystalline, found in the. seeds of 


and Campbell, 1896, 5) 

/European chestnut, Castanea vulgaris (Barlow, 

\ 1905)- 

Maize, Zea mays (Osborne, 1897, 2). 

{ Potato, Solatium tuberosum (Zoller, x88o ; Os- 
borne and Campbell, x8g6, 3). 

Cucurbitin. crystalline, found in the seeds of/^‘l^^®^b Cucurbita maxima (Grubler, x88i ; 

\ Osborne, 1892, 3). 


Castanin found in the seeds of 
Maysin found in the seeds of 
Tuberin found in the tubers of 
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Globulins have also been isolated in considerable quantity from 
the following seeds and have been the subject of more or less study^ 
but distinctive names have not yet been given to them : — 


Globulin, crystalline, from 


from 


Fla:c-seed, Linum usitathsimum (Osborne, 1892, 2). 
r Castor-bean, Ricinus communis (Ritthausen, 1881, i; Os- 
l borne, 1892, 3). 

r Cocoa-nut, Cocos (Ritthausen, 1880 ; Kirkwood and 

-j Gies, 1902; Johns and Jones, 1920; Jones and Johns, 
I 1920). 

Sesame-seed, Scsamum indicum (Ritthausen, 1881, i). 

( Cott6n-seed, Gossypiimi heybaceum (Osborne and Voorhees, 
t 1894, 2). 

( Sunflower-seed, Helianihtis annuus (Ritthausen, 1880 ; Os- 
\ borne and Campbell, 1897, 3)- 
Candle-nut, Aleurites triloba (Ritthausen, i88r, 3). 
Radish-seed, Raphanus sativus (Ritthausen, 1881, 3). 
Rape-seed, Brassica campestris (Weyl, 1877). 

Mustard-seed, Brassica alba (Weyl, 1S77). 

/Mung-bean, Pkaseolus aureus Roxburgh (Johns and Water- 
l man, 1920, 2). 

Buckwheat, Fagopynim fagopyrum (Johns and ChernofT, 
191S). 

Cohune-nut, Atialea cohune (Johns and Gersdorff, 1920). 
/Tomato seed, Solamim esculenftim (Johns and Gersdorff, 
I 1922). 

/Adsuki bean, Phaseolus angularis (Jones, Finks and 
L Gersdorff, 1922). 

/Lima bean, Phaseolus lunatics (Jones, Gersdorff, Johns and 
X “"Finks, 1922). 

/ Georgia velvet bean, Stizohhium deeringicaium (Johns and 
I Waterman, 1920, i). 


Globulins which have not yet been named have also been isolated 
in small quantity from the seeds of wheat, Triticmn vulgar e [Osborne 
and Voorhees, 1893; Denis, 1859]; Secale cereale\ 0 ^oxTiQ.^ 1895, 
i]; barley, Hordeum vulgare [Osborne, 1895, 2]s rice, Oryza sativa 
[Rosenheim and Kajiura, 1908]; and maize, Zea mays [Chittenden 
and Osborne, 1891-92 ; Osborne, 1897, 2; Weyl, 1877], and in larger 
amount from those of the oat, Avena sativa [Osborne, 1891, 1892, i, 
1893,- Weyl, 1877]. In the wheat-kernel most, if not all, of the 
globulin is contained in the embryo [O’Brien, 1895 ; Osborne and 
Campbell, 1900], and from analogy, it is probable that most of it 
occurs in this part of the seeds of the other cereals except in those of 
oats, in which the quantity is relatively so great that, in this seed, it 
must form a part of the reserve protein. 


{c) Glutelins. 

This group includes those proteins which are not dissolved by 
neutral aqueous solutions, by saline solutions, or by alcohol. The 
glutenin of wheat is the only well-characterised representative 
of this group which has yet been obtained. The seeds of other- 
cereals doubtless contain proteins of similar character, but, owing to 
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the difficulties encountered in extracting them, no preparations have 
been made which appear to be at all definite. Wheat, rye and barley 
yield similar quantities of albumins and globulins and also nearly 
the same quantity of protein soluble in alcohol. Protein matter can 
be extracted from rye and barley flour by treating the residue, from 
which the other proteins have been removed, with dilute alkaline 
solutions, but the preparations obtained are manifestly impure, and, 
owing to the difficulty of filtering the alkaline extracts, only very 
small quantities of any of them have been obtained. Since much 
nitrogen remains in the extracted residue, it is fair to presume that 
the greater part of it belongs to protein matter, as is the ca.se with 
wheat. From a by-product of maize starch manufacture, which is 
known as “gluten,” a considerable quantity of protein can be extracted 
with alkaline solutions after the alcohol-soluble zein has been removed. 
In its products of hydrolysis this protein, called maize glutelin, differs, 
both quantitatively and qualitatively, from zein, and such preparations 
as have thus far been made are probably impure preparations of the 
glutenin of this seed. A similar type of protein from rice has been de- 
scribed by Rosenheim and Kajiura [1908] under the name of oryzenin, 
which they state represents the greater part of the protein of this seed. 

After extraction with neutral solvents the residues of the seeds of 
most species usually contain a small quantity of nitrogen which may 
or may not belong to protein. Alkalis usually extract from such 
residues a small quantity of impure protein which may be either a 
protein with the properties of glutelin, or a portion of tlie proteins 
which failed to be extracted by neutral solvents, either because this 
residual protein was contained in unruptured cells which were after- 
wards destroyed by the alkaline solution or was retained in the meal 
residue in combination with other substances, such as nucleic acid or 
tannin, which rendered it insoluble in neutral solution. Although it 
is possible that proteins of the character of glutelins are widely dis- 
tributed among the different seeds there is no conclusive evidence that 
this is in fact so. 

The only well-defined glutelins are : — 

Glutenin found in the seeds of Wheat, Triticum vulgare [Osborne and Voorhees, 1893]. 
Oryzenin found in the seeds of Rice, Oryza sativa [Rosenheim and Kajiura, X90S]. ' 
Maize glutelin found in the seeds of Maize, Zea mays [( 3 sborne and Clapp, igo8, 2]. 

{d) Prolamins. 

The group of proteins soluble in relatively strong alcohol deserves 
a definite name, for it is one of the best characterised groups yet 
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found in either plants or animals. If has been proposed to call these 
proteins “ gliadins/' but as this name has been used to designate a 
definite protein obtained from wheat, some generic name should be 
adopted. The writer has proposed [Osborne, 1908, 2] calling this 
group “ prolamins,’' since all its members which have thus far been 
hydrolysed yield a relatively large quantity of both proline and amide 
nitrogen. The prolamins are characterised by their solubility in 
alcohol of from 70 to 90 per cent. They are nearly or wholly 
insoluble in water, but their salts with acids or alkalis dissolve 
freely therein. They yield much glutaminic acid, proline and 
ammonia, small amounts of arginine and histidine and little or no 
lysine. 

Alcohol-soluble proteins were among the first recognised in seeds, 
having been described as early as 1805 by Einhof as occurring in the 
seeds of rye [1805, 2] and barley [1806, i]. Taddei [1819, i] found 
that a part of the gluten of wheat was soluble in alcohol, and Gorham 
[1821] reported a similar protein, which he called zein, in the seeds of 
maize. Kreusler [1869] found in the oat-kernel an alcohol-soluble 
protein, and Johns and Brewster [1916] .showed that the seeds of 
sorghum, Andropogon sorghum^ also contain a considerable quantity of 
such protein. Rosenheim and Kajiura [1908] showed that the seeds of 
rice contain no protein soluble in alcohol. Prolamins have thus been 
found in the seeds of all the cereals that have been examined with the 
. exception of rice, but have never been found in the seeds of any other 
^family of plants. 

The prolamin of wheat, Tritimm vulgare^ was named gliadin by 
Taddei [1819, i]. Ritthausen [1872, 2] concluded that the alcohol- 
soluble protein of wheat consisted of three distinct proteins, gliadin^ 
mucedin and gluten-fibrin, but subsequent investigations have not 
supported this view [cf. Osborne, 1907 ; Groh and Friedel, 1914]. 
The prolamin of rye, Secale cereale^ is also known as gliadin, for no 
positive difference, except possibly in specific rotation, has yet been 
established between it and the gliadin of wheat [O.sborne, 1895, ^ > 
Osborne and Clapp, 1908, 3]. The prolamin of maize was named zein 
by Gorham and maize fibrin by Ritthausen. Zein ha.s been the 
subject of special study by Chittenden and Osborne [1891-92], by 
Osborne [1897, 2], and by Osborne and Clapp [190^1 2]. Hordein, 
which i.s the prolamin of barley, resembles gliadin in solubility 
[Osborne, 1895, 2] but differs distinctly in the proportion of the amino- 
acids which it yields on hydrolysis [Osborne and Clapp, 1907, 5 ; 
Kleinschmitt, 1907, i, 2 ; Johns and Finks, 1919]. 
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The principal prolamins are therefore : — 


Gliadin found in the seeds of 
Hordein found in the seeds of 
Zein found in the seeds of 
Kahrin found in the seeds of 


(Wheat, TriUcum vulgare [Osborne and Voorhees, 1893]. 

1 Rye, Secale cerea!e [Osborne, 1895, i]. 

Barley, Hordeum vulgare [Osborne, r895, 2]. 

J Maize, Zea mays [Chittenden and Osborne, 1891-92; 
[ Osborne, r897, 2]. 

Sorghum, Andrt^ogon sorghum [Jones and Johns, 1918]. 


(d) Albuminoids. 

No representatives have yet been found in plants of the remaining 
groups of simple proteins, namely, the albuminoids, histones and pro- 
tamines. Many of the reserve proteins of seeds show relations to the 
albuminoids, as has been already pointed out, but the differences in 
their behaviour toward solvents is so great that none of them can be 
considered to belong to this group. 

(y) Histones. 

The large amount of basic amino-acids which many of the seed 
proteins yield is similar to that which is considered to be characteristic 
of the histones ; also the reactions of edestan (cf. p. 62) are similar 
to those of the histones. Whether any real relation exists between 
the histones and those seed proteins which yield a high percentage of 
basic amino-acids can be established only by further study. It is pos- 
sible that the proteins commonly included among histones do not, in 
fact, differ so widely from other simple proteins as has been generally 
supposed. 

(y) Protamines. 

No substances in any way similar to the protamines have ever been 
found in plants, and there is no reason to expect to find them among 
the reserve proteins of seeds. It is possible that such substances occur 
in pollen grains, but neither the early investigations by Fourcroy [1802], 
John [1814], or Braconnot [1829], nor the later ones by v. Planta 
[1885] of hazel pollen, by Kammann [1912] of rye pollen, by Heyl 
[1919] of ragweed pollen, or by Anderson and Kulp [1922] of corn 
pollen, have given evidence of their presence. These investigators, 
however, made no special efforts to discover protamine in pollen and 
its presence is by no means excluded by their work. 


II. Conjugated Proteins. 

(<*) Nucleoproteins. 

The nucleoproteins deserve attention because they have been con- 
sidered to be among the most important constituents in the cells of 
animals and plants. They were first described as existing in vegetable 
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ells by Hoppe-Seyler [1879], who obtained a preparation from 
east which was very similar to those then recently obtained by- J; 
^iescher from animal sources. Kossel [1879, 1 8 80] next investigated 
substance and found that the phosphorus content of different pre- 
arations varied widely, but that most of them contained about 3-5 

cent, of phosphorus, which fact he regarded as evidence of a more 
.able combination containing this proportion of phosphorus. 

Altmann^ [1889] discovered nucleins to be compounds containing 
oth nucleic acid and protein. It is difficult to determine just what 
lews are now held concerning the character of the union of the nucleic 
-id and protein, but, from what appears in the literature of this sub- 
:ct, many writers evidently consider nuclein to be something other 
lan a protein nucleate. The available evidence in regard to the 
ature of this union is very scanty and practically all that is definite 
dates to the formation of protein nucleates. It is not impossible that 
dier forms of union may exist, but the conditions under which 
acleoproteins and nucleins have been obtained make it extremely 
ifficult, if not impossible, to prove the existence of an organic corn- 
nation between the nucleic acid and protein. The methods thus far 
nployed in isolating these substances depend on processes which 
ould yield a salt of protein and nucleic acid if these two substances 
ere present in the solution. No hydrol3d:ic splitting of the nuclein 
lus obtained appears to be necessary to set its component parts free, 
lless hydrolysis is effected with extraordinory ease and with great 
■pidity. Furthermore, the experiments of Milroy^ and Lobisch® 
unv that artificial mixtures of phosphorus-free protein and free 
jcleic acid yield products which have the properties usually con- 
durecl to be characteristic of the nucleins, although from the conditions 
' their production these artificial compounds could have been nothing 
;htir than protein nucleates. 

Suclr preparations of nucleoproteins as have been obtained from 
:getable sources can, in the writer’s opinion, be considered only as 
•otein nucleates ; and they in no sense represent actual constituents 
' the vegetable cells, although it is not at all impossible that similar 
■oducts -may exist there. 


1 Altmann, R. Vshw NueleiHS&urm. Archiv. fiir Anat. u. Physiol., physiol. Abth., 
89, 5a4-536. 

® Milroy, T. H. Ueher. die Eiweiss-Verhindimgen der Nucldnsitiire und Thyniinsdure und 
■'# BexieJvung' zu dm Nncleinen und Paramicleinen. Zdt, physiol. Chetn., i8g6, 22, 307-326. 

* LObisch, -Wilhdm. Ueber Nukleinsaure - Biwessverhindungen unier hesonderer 
VUcksichtig^ng der Nukleins&ure der Mitchdrilse und ihrer angeblichen Beziehung zur 
x&tmhildung^ Bdtr. chem. Physiol. Path., igo6, 8, 191-209. 
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The only extensive study of the character of the “ nucleoproteins ” 
obtained from plants which has been made since the true character of 
the nucleic acids has been established and the basic properties of the 
protein recognised, was that of Osborne and Campbell [1900], who 
obtained from the wheat embryo a large number of prr 3 ducts which 
consisted of protein combined with very different proportions of 
nucleic acid. The aqueous extract of wheat embryo contains much 
nucleic acid which was first isolated by Osborne and Harris.^ 

The freshly prepared aqueous extract of the embryo-meal is neutral t 
to litmus, alkaline to lacmoid and decidedly acid to phenolphthalein./ 
If heated at once in a water bath to 98“ no coagulation occurs unless 
a very little acid is previously added. On standing at the room 
temperature for a few hours, protected with thymol, tlie extract 
gradually becomes more acid, and, if then heated, a large coagulum 
forms betw'een 50“ and 55°, 

In consequence of this continuous development of acid in the 
extracts, the conditions which determine the proportion in which bases 
and acids can combine are constantly changing, and, as the proteins 
are pol)^cid bases and nucleic acids are polybasic acids, many different 
salts may be formed under the various existing conditions. We must 
thei'efore expect to find the combinations of protein and nucleic acid 
which separate from the extracts of the embiyo-meal under varying 
conditions to contain different proportions of these two substances ; in 
fact, just such products as Osborne and Campbell [1900] obtained, for 
details of the preparation of which the original paper must be consulted. 

From extracts of the wheat embryo the nucleic acid separates in 
combination with two distinctly different proteins. In each case the 
protein exerts a controlling influence on the general properties of the 
compound formed, those compounds containing the albumin, leucosin, 
having in the main the properties of albumin, while those containing 
the globulin have the properties of this group of simple proteins. In 
this respect the protein nucleates behave much like the hydrochlorides 
or other salts of the simple proteins. 

So far as the writer’s experience has gone, no evidence shows that 
any of the preparations of so-called nucleo-proteins from plants are 
anything else than protein nucleates formed during the process of 
extraction and precipitation. 

It is clear that definite statements based on a study of isolated 
products have no value in respect to the actual occurrence of nucleo- 

^ Osborne, T. B., and Harris, I. F., Die Nvcleinsaure des ^ Weizmembryqs. Zeit, 
physiol. Chem,-, 1902, 36, 85-133. 
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proteins in plants. Concerning the evidence of the existence of such 
compounds which is furnished by microscopic observations of stained 
tissues, nothing will be said here, for this lies outside of the scope of 
this monograph as well as of the personal experience of the writer. 

From such knowledge as we now possess it is evident that, at the 
most, only small quantities of nucleoprotein exist in the entire seed, 
and that this, if present, will be found chiefly in the tissues of the 
embryo in which the nuclei of the cells are far more abundant than in 
the tissues of the endosperm. Nucleoproteins have been described as 
constituents of fungi and bacteria, but no critical study of any of these 
has yet been made [cf. Nageli and Loew, 1878 ; Hoppe-Seyler, 1879 ; 
Kossel, 1879, 1880, 1881; Klinkenberg, 1882; Stutzer, 1882; Van- 
develde, 1884; Liebermann, 1890; Gottstein, 1893 ; Malfati, 1891-92 ; 
Lasche, 1895; Galeotti, 1898; Wroblewski, 1898; Ruppel, 1898; 
Ascoli, 1899; Iwanoff, 1902; Tiberti, 1902]. 

( 3 ) Glycoproteins. 

Little that is definite can be said concerning the occurrence of 
glycoproteins in plants. It is certain that many of the known seed 
proteins do not belong to this group, for they give no Molisch reaction 
and therefore contain no carbohydrate. Krawkow [1897] obtained an 
osazone from "pea albumin,” but in the absence of conclusive 
evidence that the preparation of this "albumin” was free from ad- 
mixed carbohydrate, little importance attaches to this observation. 
Ishii [ 1 894] described a substance obtained from the tubers of yams 
which had physical properties and an ultimate composition similar to 
the mucins of animal origin. As he makes no statements concerning 
the presence of carbohydrate in his preparations, its relations to the 
true mucins are yet to be demonstrated. Wrdblewski [1898] has 
stated that mucin is one of the constituents of yeast, but gives no 
experimental evidence of this. Several observations are on record 
indicating that many bacteria produce a mucin-like substance in the 
culture medium in which they grow, but such substances are hardly 
to be considered as vegetable proteins. 

(cr) Phosphoproteins. 

It seems to be believed by many writers on vegetable proteins 
that a large number of the proteins of seeds contain phosphorus and 
consequently should be assigned to the group of phosphoproteins 
[cf. Wiman, 1896-97]. The fact that the reserve food protein of the 
egg-yolk consists largely of such a phosphorised globulin-like protein. 
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and that the protein of miik consists chiefly of the phosphorised casein 
belonging to this group, has apparently led many to assume, by 
analogy, that a large part of the reserve food protein of seeds consists 
of similar substances [cf. Czapek, 1905, p. 59 ]* 

Hoppe-Seyler [1866-71, i] suggested that in the nuts of Ber- 
thollBtia and the seeds of Piswn sativimi proteins similar to the 
vitellin of the yolk of hen’s eggs may occur, but he based this sugges- 
tion solely on the fact that he had extracted a lecithin-like substance 
from crude preparations obtained from these seeds. He says nothing 
of the presence of phosphorus in the protein which remained after 
extracting with warm alcohol, and consequently gives no evidence 
which sho'ws these to be vitellin-like proteins. 

In discussing the relations of edestin to acids it was shown in the 
first edition of this monograph that the preparations of crude edestin 
which were obtained by a single precipitation from the extract of the 
seeds, contained a small amount of phosphorus, which, however, 
disappeared completely after reprecipitation by dialysis or by dilution. 
The crude preparations of most seed proteins, like those of edestin, 
contain *^races of phosphorus, but, when purified, by repeated pre- 
cipitation, they are obtained phosphorus-free. The vitellin from the 
yolk of hen’s eggs or casein from cow’s milk under these conditions 
retain their phosphorus completely and in this respect differ in a 
marked degree from all known vegetable proteins. No good evidence 
has therefore been obtained to show that phosphoproteins occur in 
plants, and if these occur at all it is only in very small quantity. 

{d) Hm^noglohhis. 

Kylin [1910] has suggested that a close relation may exist 
between the crystalline coloured protein, phycoerythrin and haemo- 
globin, although he offered no chemical evidence to support this view. 
Since he states that the coloured component of phycoerythrin is 
liberated by acid hydrolysis and can then be extracted from the solu- 
tion by amyl alcohol the possibility must not be overlooked that this 
complex protein may contain some derivative of flavone, in this respect 
resembling the type of complex proteins which the investigations of 
Osborne, Wakeman and Leavenworth [1921] have indicated may occur 
abundantly in the alfalfa plant. This suggestion does not seem un- 
reasonable since phycoerythrin is obtained from the tissues of the entire 
marine plant, Ceramium rubrum^ and by analogy its pi'oteins might be 
expected to resemble those of green land plants more nearly than those 
from other vegetable sources. 
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(e) Lecitkoproteins. 

Lecithoproteins have not been isolated from plants, and satisfactory 
evidence of their existence has not yet been brought forward. Schulze 
and Likiernik [1891] and Schulze and Winterstein [1903] assume the 
presence of lecithalbumin in seeds from the fact that a part of the 
lecithin always remains undissolved when the powdered seeds are 
extracted with ether. 

Hoppe-Seyler [1866-71, i], as stated on p. 32, obtained a 
lecithin-like substance from crude preparations of the proteins of the 
Brazil-nut and pea, but his brief statement is not sufficient to warrant 
the conclusion that this lecithin was anything other than a contamina- 
tion of the^'f^parations which he examined. 

III. Derived Proteins. 

I. primary protein derivatives. 

The members of the various groups of derived proteins are all 
represented by corresponding products obtained from vegetable 
proteins. 

2. SECONDARY PROTEIN DERIVATIVES. 

(«) Proteoses. 

The first observation which indicated the presence of proteoses in 
seeds was made by Vines [1879, 1880, i] who obtained a proteose-like 
product from lupine-seeds which he called “ hemialbumose,” He 
also noted the presence of a similar substance in the seeds of vetch, 
hemp and flax. Schulze and Barbieri [1881, 2] soon afterwards 
examined a number of different parts of many kinds of plants, and 
concluded from the results which they obtained that plant juices and 
extracts often contain “ peptone ” (proteose ?) in small quantity. Even 
during germination they found only a small quantity of “ peptone,” 
and stated that a storing up of this substance does not occur. They 
confirmed an earlier observation of Kern [1880], made on lucerne and 
vetch hay, that plants contain ferments which hydrolyse protein during 
extraction. Products having the solubility relations characteristic of 
proteoses have been frequently found in the extracts of seeds after the 
other proteins had been removed. Whether these proteoses were 
original constituents of the seeds or resulted from the action of 
proteolytic enzymes is still an open question, for it is extremely 
difficult to conduct the extraction of the seed and separation of the 
other proteins in such a way a*s certainly to exclude the formation of 

3 
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proteoses. That changes occur in seed extracts is shown by many 
facts already recorded. Osborne [1892, 2] found that the extract of 
the flax-seed yielded a nearly constant quantity of diffusible non- 
protein nitrogen during several days’, dialysis. The fact that the 
amount of nitrogen diffusing during the first dialysis period was only 
about one-half of that diffusing during the subsequent equally long 
periods is evidence that this nitrogen did not exist as such in the 
seed but was formed from some other substance, presumably protein. 
He has also found more non-protein nitrogen in the dialysate from 
extracts of the seeds of Phaseolus made at 3 o“ than in extracts made 
with solvents heated to 70“. 

That the proteins in many extracts undergo changes in the process 
of purification is shown by the constant loss of material which is so 
frequently met with. A striking instance of this was encountered by 
Osborne and Harris [1905, 2], who subjected 600 grammes of crude 
conglutin from the yellow lupine to fractionation with ammonium 
sulphate and finally separated the different fractions by dialysis.. Al- 
though the mechanical losses during these operations were small, only 
314 grammes of conglutin were recovered. According to Mack [1903, 
1904] the seeds of the yellow lupine contain an enzyme which at 
neutral or acid reaction attacks the protein, and it is probable that the 
large loss of conglutin was due to the action of this enzyme. 

As the formation of proteose would almost certainly accompany the 
formation of diffusable products which do not give protein reactions, 
the proteoses found in the extracts cannot be considered to be original 
constituents of the seeds until more convincing evidence is obtained 
than any as yet given. 

On the other hand, such preparations of proteoses from seeds as 
vrere used by Wells and Osborne [1915] were found to be highly 
anaphylactogenic, in marked contrast to proteoses produced by en- 
zymatic hydrolysis. This observation is difficult to reconcile with the 
view that the proteoses found in the extracts of seeds are the product 
of the action of the enzymes on the other protein constituents of the 
seed. 


{S) P^tones. 

The facts which lead to the uncertainties respecting the pre-existence 
of pioteoses in seeds apply also to the peptones. The most elaborate 
investigation of this subject has been made by Mack [1904], who ob- 
tained peptone from lupine-seeds under conditions which he thought 
entirely excluded its formation by enzyme action. He worked with 
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very large quantities of seeds and employed Siegfried’s method of 
isolating and purifying peptones by means of ferric-ammonium alum. 
The several products obtained had a nearly constant composition and 
when hydrolysed with hydrochloric add yielded lysine, arginine and 
glutaminic acid. 

By artificially digesting vegetable proteins with pepsin or trypsin, 
proteoses and peptones have been obtained by Chittenden [1894], 
Chittenden and Hartwell [1890, 1891], Chittenden and Mendel [1894], 
Chittenden and Smith [1890], and many others. 

(c) Peptides. 

Only two well-characterised peptides have thus far been obtained 
from seed proteins. The first of these was a dipeptide of proline and 
phenylalanine, which Osborne and Clapp [1907, 2] isolated from the 
decomposition products of gliadin which had been hydrolysed by boil- 
ing with 25 per cent, sulphuric acid for many hours. This peptide was 
obtained in beautiful mother-of-pearl crystals of definite form, and 
yielded a copper salt, the crystals of which were so large and well 
formed that the measurement of their angles served to definitely 
characterise the substance. By hydrolysis in a sealed tube with strong 
hydrochloric acid it yielded proline and phenylalanine in molecular 
proportions. The identity of this peptide with a synthetic 1 -propyl- 
1 -phenylalanine has been established by Fischer and Luniak.^ 

Fischer and Abderhalden [1907] obtained 1 -leucyl-d-glutaminic acid 
from gliadin by partial hydrolysis at the room temperature with 70 per 
cent, sulphuric acid for sixteen hours and then for three days in an 
incubator. This peptide agreed in properties with the synthetic 
product, 

^ Fischer, E., and A. Luniak. Synthese von Polypeptiden : XXXII. Derivate des l-Prolins 
und des Phenyl-alantns. .Ber., igog, 42, 4752-4759. 
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CHAPTER V. 

THE RELATION OF PROTEINS TO ACIDS AND BASES. 

By L. J. Henderson, Ph.D., Sc.D. 

In their relations with acids and bases, proteins behave as if there 
were present in the molecule a considerable number of acid radicals of 
vanous degrees of strength, and a considerable number of similar 
basic radicals. In solutions which are sufficiently acid these basic 
radicals must be completely combined with acid, and the acid radicals 
must be completely free. On the other hand, in sufficiently alkaline 
solutions the acid radicles must be completely combined with bases, 
and the basic radicals must be completely free. 

Accordingly, it is apparent that there must be a reaction, or a zone, 
between the state of complete combination with acid and that of 
complete combination with base, in which there is no combination 
either with acid or with base, or else in which such combination is a 
minimum. In particular, there must be a point at which the ionisation 
of the protein through its acid radicals and that through its basic 
radicals are equal. As a first approximation this may be considered 
the isoelectric point, for under these circumstances the protein will 
move neither to the anode nor to the cathode. 

At this point and in its neighbourhood the solubility is likely to be 
a minimum, for in the case of proteins [Cohn, 1932] it is probably the 
undissociated molecule which chiefly determines solubility, the ions 
being relatively soluble substances. 

The isoelectric point or zone may fall at an acid, neutral, or alkaline 
reaction, according to the relative number and strength of the acid and 
basic groups of the molecule. Thus, if the acid groups be numerous 
and strong, and the basic groups less numerous and weak, it is evident 
that the isoelectric state must occur at an acid reaction. Moreover, in 
case both acid and basic radicals are all weak, there will be a wide zone 
of reaction throughout which the protein will be very slightly combined 
with either acid or base, and wdthin which, as a first approximation, it 
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may be regarded as free from such combination. At the exact iso- 
electric point this hypothesis may be a very close approximation to the 
truth. On the other hand, in case certain acid and basic radicals are 
both of somewhat greater strength, the zone within which there is little 
or no combination with acid and base may become narrow, or may 
vanish entirely, so that even at the isoelectric point the protein may be 
present, in some degree, both as a salt of acid and as a salt of base. 
Under these circumstances, the isoelectric point will be characterised 
by the presence both of free protein and of salts of the protein with 
both acids and bases, but these salts must be ionised to the same 
extent. 

There is much evidence that the relations of proteins to acids and 
bases may be interpreted in terms of the above hypothesis. We may 
therefore now turn to quantitative considerations. These lead theoreti- 
cally to a discussion of acid-base equilibrium in the presence of large 
numbers of acid and basic radicals ; experimentally they lead to the 
investigation of titration curves. 

In the solution of a weak monobasic acid, which is partly neutralised 
with base, the mass law implies the equation 


[H] = /& 


concentration of free acid 
concentration of salt 


where the apparent ionisation constant, is slightly greater than the 
true ionisation constant of the acid. This is an approximation which 
has proved to possess a rather high degree of accuracy.^ Now, let <; 
represent the total concentration of free acid plus combined acid, and 
a: the concentration of combined acid, that is to say, of salt. 

Then 


or 




c - X 
X 


I + 


IB 

k ■ 


This law also holds in many cases for each acid in solutions contain- 
ing more than one acid. Let the total concentration of each of several 
acids be equal (as they must be if they are radicals of a protein’ 
molecule), and, as above, designate their concentration by c; let 


^ Henderson, L. J. Das Gleich^ewicht zwischen Basen und Sduren im tierischen 
Organismus. Ergebn. Physiol., igog, 8, 234-325. 
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. . . represent the concentration of base combined with them, 

and ^1, /&2, ks, . . . their respective apparent ionisation constants.^ 
Then the relations hold 




c 


I + 


[H] 
^■2 ’ 


= 


I + 


[H] 


etc. 


Evidently the total concentration of base combined with all the acids 
is given by the sum of all the jtr’s. 

X*’ = ;iri + jjTg 4- ■ 


or = 


I + 


h 


I + 


[H] 

ka 


I + 


[H] 


Let c — i and assume that there are just three acid radicals in 
question and that = I x io“®, >^2 = I ^ lO"® and ^3 = i x 10 “^®, 
Then approximate computation yields the following table : — 


TABLE I. 

Theoretical Capacity to Bind Base. 


[H] 

10- *N io-® 2 ^ 

io~*N 

10 -^N 

10 -SN 

10 “®N 

10 -“N 


io~“N 

10 ~ 

10 -WN 


'OOI 

•01 

■og 

■50 

•gi 

•99 

*999 

i^oo 

I ’00 

I ‘00 

^2 

— — 

•OOI 

•or 

•og 

•50 

•gi 

•99 

■999 

1-00 

I^OO 


— — 

— 

•OOI 

■01 

■og 

•50 

•91 

*99 

•999 

I’OO 

2 x 

0 0 

■01 

•10 

•60 

1*50 

2^40 

2^go 

2*99 

3*00 

3*00 


The case of weak bases may be treated in an exactly analogous 
manner. Let y^, y^, . . . represent acid combined with several 
weak bases to form salts, k\, ... the corresponding ionisation 

constants of the bases. 


For a full discussion of such considerations compare Henderson, Ergebn. Physiol., xgog, 
254'325 1 Sorensen, ibid., igi 2 , 12 , 4 g 5 ; and Michaelis, Die Wasserstoj^ionenhonzentriition, 
2nd edition. Berlin, igaa. 
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c 

J'l r- 


I + 


[OH] 


^2 “■ 




I + 


[OH] 


I + 


[OH] 


•, etc. 


and 


or 


Sj' = 


= j'l n + n + • 
c c 


+ 


. [OH] [OH] [OH] 

^ k' ^ ~~W~ ^ ~Y~ 

A? 1 /C 2 3 


As before, let c =. i. Assume the following values 
k\ == 1 X 10 “®, ^'2 = M's == I X IO“^°. 
Then taking account of the fact that, approximately, 

4- I X lO' 


,-14 


[H] 


[OH] 

computation yields the following table 


TABLE II. 

Theoretical Capacity to Bind Acid. 


+ 


[H] 

10 “9N 

io~®N 

io~'^N 

10- ®N 

10 -®N 

lO-^N 

X0-8N 

IO-2N 

M 

0 

1 

10 ®N 

[OH] 

10 “®N 

10 “®N 

10 -’N 

10 -®N 

iq-»N 

10 “-®N 

io~“N 

10- WN 

IO-13N 

ro - 

yi 

— 

•001 

•01 

•09 

•50 

•91 

•99 

•999 

fOO 

i-oo 

J'b 

— 

— 

•001 

■or 

-09 

•50 

’91 

•99 

•999 

l^OO 

ya 

— 

— . 

■001 

■or 

•09 

-50 

•gt 

•99 

■999 

I^OO 

Sj/ 

0 

0 

■01 

•ir 

•68 

i'9i 

a-8i 

2*98 

3*00 

3-00 


These two tables may now be brought together by considering 
the values of and the total concentration of base and of acid 
neutralised at different hydrogen ion concentrations by the acid and 
basic radicals respectively : — 
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TABLE III. 



o 

I 2 

3 

4 

5 

6 

7 

[H] 

10 ®N 10 

1 

0 

H 

"A 

1 

M 

O 

1 

10 “^N 

10“ ®N 

10 -«N 

10 -'?N 

:sx 



— 

— 

— 

•00 

•01 

•10 . 


3-00 

3 ’00 2‘98 

2*8i 

i-gi 

•68 

•II 

•01 

Sx - 2>> 

- 3 'oo - 

3'oo - 2'g8 

- 2 - 8 I 

- i-gi 

- -68 

- •lo 

•09 

:sx + 2 y 

3-00 

3 -00 2‘gS 

2-8i 

i-gi 

■68 

■12 

•II 

pH 

8 

9 

10 

II 

12 

13 

14 

+ 

[H] 

1 

o 

H 

10 ~ ®N IG 

i-i®N io“^^N 

\ 

0 

H 

IO- 13 N 

1 

0 

H 

:sx 

•6o 

1*50 

2‘40 

2*90 

2-99 

3-00 

3-00 

2 y 

•00 

— 

— 

— 

— 

— 

— 

2 x - 2 y 

•6o 

1-50 

2‘40 

2-go 

2-99 

3-00 

3-00 

2 x -r 2 y 

•6o 

1-50 

2*40 

2-90 

2-99 

3-00 

3-00 


Obviously X*" - represents net values of base (positive values 
of - Xy) or of acid (negative values of Xar - Sy) in combination 
at the designated hydrogen ion concentrations. These results permit 
the construction of a theoretical titration curve (Fig. i). On this 
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curve the dotted lines complete the values of the two separate curves 
of and 

It will be seen that the point at which the combination with acid 
plus the combination with base (Xx + Xy) is a minimum corresponds 
at least very closely with the point at which the net amount of salt 
formation {Xx - Xy) is o. This point must also be at least very 
nearly identical with the so-called isoelectric point, because the salts 
must ionise to nearly the same amount. Therefore, the sum of the 
positive and negative electrical charges of the molecule will, other 
things being equal, be equal. 

Extending to either side of this point there is a zone, say from 

[H] = I X io"^N to [H] = I X lO'^N, through which the amount 
of salt formation (salts of acid radicals plus salts of basic radicals or 
Xx + Xy) is of nearly the same magnitude as at the isoelectric point. 

The position of the isoelectric point in this hypothetical case is 
evidently dependent upon the fact that an acid radical has been 
assumed to be present which is stronger than any of the hypothetical 
basic radicals. It is also evident that in this case the strongest acid 
radical and the strongest basic radical are alone responsible for 
determining the position of the isoelectric point. Thus in a simple 
amphoteric substance, for which = i x lO"® and = I x io“®, 
we find from the formula ^ : — 



or, in words, the value of pH for the isoelectric point is 6 '5. 

Further study of the tables shows that the amount of salt formation 
at the isoelectric point may be quite different under other circum- 
stances. Thus, if the strongest acid radical and the strongest basic 
radical were left out from the above case, there would be little change 
in the isoelectric point, but at that point salt formation would • be 
almost entirely lacking, and the zone of very slight salt formation 
would be much wider. 

On the other hand, the addition of another acid radical of apparent 
ionisation constant k = i x iO“^ and another basic radical of ap- 
parent ionisation constant k' — l x io“® would also leave the iso- 
electric point nearly unchanged but would lead to a condition in which 
there must always exist, even at the isoelectric point, a considerable 

^ Michaelis, L. Die Wasserstoffionenkonzentration, 2nd edition. Berlin, Springer, xg22, 
P. 57 * 
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amount of salt formation. The following table and Fig. 2 illustrate 


this case 



TABLE IV. 





o 

I 

234 

5 

6 

7 

[H] 

roON 

io~^N 

10 “ 10 “ ®N 10 ~ 

10 “ ®N 

10 -«N 

10 - "N 

Sx 

— 

— 

— — *00 

*01 

•10 

•60 

Sy 

4*00 

4'oo 

3*98 3 -So 2*go 

1-59 

•61 

•10 

- Sy 

- 4*00 

- 4'oo 

- 3*98 - 3'8o - 2-90 

- 1-58 

- *51 

•50 


4*00 

4*00 

3-98 3-80 2-go 

I '60 

71 

•70 


8 

9 

H 

H 

0 

H 

X 2 

13 

14 

[H] 

io~®N 

10 “®N 

10 “ ^®N 10 “ “N 10 - 

lo-iSN 

10 -wN 



2*49 

3-40 3 -go 

3 '99 

4*00 

4*00 

Sy 

■oi 

•00 

— — 

— 

— 

— 

Sx - 2;; 

1-50 

2-49 

3-40 3-90 

3 '99 

4-00 

4-00 

Sx + Sy 

1-52 

2*49 

3-40 3-90 

3-99 

4-00 

4-00 



No doubt under such conditions the acid and basic radicals of the 
protein will react with each other in important amounts. No doubt 
also there is a limit to the strength of acid and basic radicals which 
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can be present simultaneously in the same molecule. But in the case 
of oxyhccmoglobin we know a substance whose isoelectric point is 
very close to neutrality, which contains at least one acid radical so 
strong that its ionisation constant is not far from I x Hence 

it must also contain at least one moderately strong basic radical. 

It is useful to compare the curves’ of Fig. i and Fig. 2, not 
forgetting, however, that the second curve is longer because of the 
larger number of acid and basic radicals involved. Apart from this 
difference, which is a matter of scale, it is easy to see that the second 
curve is smoother. This difference is a simple result of the theory of 
buffers. 

In general, it may be said that the presence of an acid or basic 
radical of a given ionisation constant reveals itself by steepness of the 
curve at the hydrogen or hydroxyl ion concentration corresponding 
in numerical value to the constant. Thus the sinuosities of a titration 
curve are direct indications of the ionisation constants of the radicals 
which are being titrated, and a smooth curve is proof of a '"regular 
distribution of the values of these constants throughout the range of 
reaction under observation. Needless to say titration curves may be 
constructed theoretically which possess, within certain limits, almost 
any desired form, and even those that have been determined experi- 
mentally vary widely. Their most significant properties are the point 
where Xx - — o, the slope in this neighbourhood, and then the 

slope in other portions of the curve. It should be observed that 
symmetry is not to be expected, though it may be common. 

Two important questions now arise: How far does the behaviour 
of proteins, especially when titrated with acids and bases, correspond 
with the above theoretical considerations? To what extent are we 
justified in drawing the conclusion that such correspondence as may 
be observed between theory and experiment is an indication that the 
theory is well founded ? It must be confessed that these are difficult 
questions. 

Trustworthy experimental evidence that proteins combine chemi- 
cally with both acids and bases was in hand long before the develop- 
ment of modern theories of ionisation.^ To this may be added the 
evidence from Fischer’s researches on the constitution of the protein 
molecule, which is, to say the least, consistent with the theory that 

^ Henderson, L. J. The Equilibrium between Oxygen and Carbonic Acid in Blood. 
J. Biol. Chem., igao, 41, 40Z-430. 

® Sjoqvist, J. Physiologisch-chemische Beobcuktungen Uber ScUxsOure. Skandin. Arch. 
Physiol., iSgs, 5, 277-376. (Good bibliography of older literature.) 
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occasionally free acid and basic radicals must occur. During later 
years a large amount of evidence has accumulated which fully 
establishes the capacity of proteins to form salts with both acids and 
bases. There is, in the first place, the information derived from such 
observations as those of Osborne on edestin [1901, 2 ; 1902, 2]. 

Thus, pure edestin, from hemp-seed, when free from combined 
acid or alkali, is entirely insoluble in water, but in the presence of a 
very little acid, and in the complete absence of salts, it promptly 
dissolves to a clear solution. From such a solution the edestin is 
readily precipitated by the addition of a small quantity of a neutral 
salt, e.g. sodium chloride, and the fact that the edestin has precipitated 
in combination with the acid is conclusively shown by the behaviour 
of this precipitate. When such a precipitate is washed thoroughly 
with dilute alcohol, until all the . sodium chloride is removed, and is 
then dissolved in water, a definite quantity of potassium hydroxide 
is required to render the solution neutral to phenolphthalein. When 
thus neutralised, the edestin is completely precipitated, and can be 
removed from the solution by filtration. If this solution is then 
evaporated to dryness it leaves a residue of potassium chloride 
containing nearly all of the alkali originally employed for neutralisation. 

F urther accurate analyses proved that, under constant conditions, 
the amount of acid combined with edestin was always nearly constant 
Moreover, the amount of acid required just to dissolve pure neutral 
edestin is approximately equal to the amount in combination with the 
soluble edestin of ordinary edestin preparations. This is just double 
the amount of acid combined with the insoluble portion of the protein 
in such preparations. From these observations of Osborne’s the 
conclusion is inevitable that acid is being neutralised by the protein in 
accordance with ordinary chemical laws and there seems to be no 
reason to doubt that definite salts containing acid and protein in true 
stoichiometrical ratios are being formed. Equally convincing evidence 
of salt formation may be found in the literature of animal proteins. 
Among other researches those of L. L. Van Slyke and Bosworth,^ 
are especially interesting ; they deal with the behaviour of casein. 

In the case of tuberin an unpublished investigation of E. J. Cohn’s 
makes the latter conclusion perhaps even more certain. In this 
experiment pure tuberin suspensions were treated with small but 
widely varying quantities of sodium hydrate solutions. After 
equilibrium had been obtained, the solutions were filtered and their 

^ Van Slyke, L. L., and A. W. Bosworth. Preparation and Properties of Unsatiirated 
or Acid Caseinates and Paracaseinaies. J. Biol. Chem., £913, 14, 211-225. 
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nitrogen content determined. The data, somewhat irregular because 
of the difficulty of establishing equilibrium, are given in the following 
table and on the accompanying diagram (see next page). 


TABLE V. 


Solubility of Tuberin. 


Mg.N 

m 10 c.c. Filtrate. 
O'Sol 
078 L 
o'SoJ 


C.C. iLNaOH 
icx> 

added per lo c.c. Solution. 
0*03 


1-28 'j 

1*30 1- o‘io 

i-sgJ 

1-55 y 0-15 

I-54J 


2-73‘^ 

2*46 J- 0‘20 

270J 

I'il} 

It is evident that, regardless of the amount of base (protein being 
present in excess), and therefore, within a certain zone, regardless of 
the true reaction of the solutions, there is a very satisfactory constancy 
in the ratio of dissolved protein to base. Allowance should be made 
for the solution of a little free tuberin. This can only be interpreted, 
so far as I am aware, as salt formation in the strictest sense of the 
word. It may be added that the same investigator has obtained 
strictly analogous results of a high degree of accuracy with casein. 

Nevertheless, it may be doubted if the preparation of perfect protein 
salts is usually attainable, for there is reason to suspect that the success 
recorded above depends upon the careful use of a two-phase system 
and upon other favourable conditions. Inspection of Tables I. and II. 
of this chapter will convince the reader that frequently, and perhaps 
nearly always, the neutralisation of an acid or basic radical of a protein 
molecule can hardly be completed before that of another begins. 

The difficulty may be illustrated by considering the neutralisation 
of phosphoric acid. Here there is a narrow range of reaction within 
which the first hydrogen is not quite neutralised, though the neutralisa- 
tion of the second has already begun. In other words, large amounts 
of NaH2P04 co-exist with small amounts of both H3PO4 and Na2HP04. 
There is also another narrow range within which large amounts of 
Na2HP04 co-exist with small amounts of NaH2p04 and of Na8P04. 
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The case would be different if the three ionisation constants of phos- 
phoric acid were more nearly of the same order of magnitude. Then 
all four substances HsPO^, NaH2p04, Na2HP04 and Na8P04, with 
their ionisation products, might exist together in solution. In the 
presence of a much larger number of radicals thus overlapping a con- 
dition of almost inextricable confusion is to be expected. From such 
a situation only the most skilful use of all available tricks of maniiDula- 



tion is likely even occasionally to separate a perfect salt, i.e. a 
compound in which every acid and basic radical is either completely 
neutralised or else completely free. However, the evidence in support 
of this somewhat pessimistic view is as yet inconclusive. Furthermore, 
as will be presently explained, evidence is steadily accumulating that a 
large number oi. vegetable proteins are quite free from measurable salt 
formation near their isoelectric points. They may, therefore, be pre- 
pared as pure substances in that state. 
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If a further justification of the hypothesis that the relations of 
proteins to acids and bases are purely of a chemical nature be 
demanded, it may be found in the extensive researches of Sorensen 
and his associates.^ 

We may, therefore, conclude that the titration curves of proteins 
have the significance that was provisionally attributed to them at the 
beginning of this chapter. One reservation should, however, be noted. 
It is quite possible that in some instances acid and basic radicals of 
the protein molecule may be liable to some form of tautomeric modifi- 
cation, which is itself dependent upon the reaction of the solution. 
And it must also be remembered that the protein molecule is liable 
to irreversible changes in highly alkaline and also in highly acid 
solutions. 

In some respects the chief difficulty in dealing with the titration 
curves of the proteins depends upon the size of the molecule and the 
consequent large number of different acid and basic radicals involved. 
The case is not unlike that of the ultimate analysis of the same sub- 
stances. In both instances the presence of large numbers of similar 
radicals leads to a kind of statistical uniformity which tends to obscure 
individual differences. 

Nevertheless, as E. J. Cohn [1922] has pointed out, it is convenient 
to distinguish between those proteins whose titration curves are steep 
and those whose curves are flat, at the point where combination with 
acid equals combination with base, because this distinction corresponds, 
at least in numerous instances, with the distinction between albumins 
and globulins or between these and less soluble substances. The 
probable explanation of this fact has been given above. A flat curve 
in this region is proof that there can be very little combination with 
either acid or base throughout a considerable zone, and almost none at 
all at the isoelectric point. Here the protein exists largely as undis- 
sociated molecules. It seems very probable that these may be rather 
insoluble substances. 

The hypothetical protein represented by Table III. and Fig. i 
above may perhaps correspond to an albumin ; but the vegetable pro- 
teins which have been studied, are, in the free state, insoluble bodies 
which may better be represented in an excessively simplified form by 
the second case considered above, in which the strongest acid group 
and the strongest basic group w^ere eliminated. The consideration of 
this case has been postponed until this stage in the discussion in order 

^Sorensen, S. P. L. Studies on Proteins. Compt. lend. ides travaux du Lab. de Carls- 
berg, 1915-1917, 12, 1-372. 
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to afford a closer comparison with existing experimental data. A 
computation like that given above yields for this simple case the data 
of the following table and the curve of Fig. 4 : — 


TABLE VI. 



0 

I 

2 

3 

4 

5 

6 

7 

[H] 

10 ®N 

10 -IN 

10 - 10 “ 10 - 

10 -®N 

10 -«N 

10- "N 

Sx 





— 

— 

— 

•000 

•001 

•01 


2-00 

2-00 
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1-82 

I’OO 

•18 

•02 

•002 

Sx - 2y 
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- 2’00 

- 1*98 - 

1*82 

- I'OO 

- -iS 

— *02 

•01 

2 x + Sy 

2 "00 

2*00 

1*98 

1*82 

1*00 

•18 

•02 
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8 

9 

Iff 


ri 

12 

13 

14 

[H] 

IO-8N 

C 3 

1 

0 

H 

H 

0 

1 

M 

’4 

10 - 10 - 
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There exist more or less complete titration curves for the following 
vegetable proteins: glutenin [Henderson and Cohn, 1918], tuberin/ 
and edestin [Hitchcock, 1922]. The titration curve of gluten has also 
been studied by Henderson, Cohn, Cathcart, Wachmann and Fenn 
[1919]. These curves are given in P’ig. 5. 


^ Cohn, E. J. Data to be published in J. Gen. Physiol. 
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It should be noted that experimental results show the amount of 
acid or alkali required to bring a protein solution (or suspension) to 
a given hydrogen ion concentration. Therefore, in all cases where 
the alkalinity or acidity is high, in case the actual combination between 
protein and acid or alkali is sought, it is necessary to make a correc- 
tion for the amount of free acid or alkali present in the solution. This 
may readily be done by repeating the experiment in the absence of 



the protein. This correction has not been applied in Fig. 5, because 
considerations bearing on this point are not raised in the present dis- 
cussion.^ It is for this reason that the curves as drawn do not tend 
to become horizontal at their extremities. 

On Hitchcock’s curve for edestin a point is indicated which may 
be calculated from Osborne’s early observations [1901, 2; 1902, 2] 

^ For a discussion of this question consult E. L. Tague : A Study of the Determina- 
tion of Amino-Acids by Means of the Hydrogen Electrode. J. Amer. Chem. Soc., igzo, 42, 
173-184; D. J. Lloyd, On the Swelling of Gelatin in Hydrochloric Acid and Caustic Soda, 
Biochem. J., 1920, 14, 147-170 ; and in the case of edestin, Hitchcock. 
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in which phenolphthalein was employed. The agreement is very 
satisfactory. 

In the present state of knowledge, it is hardly expedient to press 
the analysis of the meaning of the titration curves any farther. 
Throughout the more acid and alkaline ranges little attempt has yet 
been made to interpret the observations beyond very general conclu- 
sions, and what has already been said will perhaps suffice for the 
middle portions of the curves near the isolectric point. 

Everything seems to indicate that salt formation in the strict sense 
of the term is capable of accounting for the observed facts of the com- 
bination of acid and base with protein. In the central portions of the 
curves this is particularly well established ; but there is nothing in the 
more extreme portions which points in another direction. As stated 
above, it is, however, possible that in these ranges the protein molecule 
may undergo some kind of tautomeric or reversible change, and it is 
certain that irreversible changes occur when the reaction becomes 
sufficiently acid or sufficiently alkaline. 

Even in the case of the simplest electrolytes, the laws governing 
equilibrium between acids and bases have presented theoretical diffi- 
culties which are not yet overcome. Perhaps, in some respect, the 
quantitative relations are easier to understand in the case of proteins 
than in the case of such simple substances. They do not, at any rate, 
seem to present insuperable difficulties. Nevertheless the great size 
of the protein molecule and the very complex conditions existing both, 
in the fluids and in the cells of living organisms bring about conditions, 
and therefore problems, which are M^ry different from the simple 
chemical questions that have been discussed in this chapter. A treat- 
ment of such subjects would be out of place here. For an interesting 
illustration of the type of phenomenon in question the reader may 
consult the recent work of Loeb, Proteins and the Theory of Colloidal 
Behaviour}- ^ 

In sum, the theory that normal salt formation is the primary 
phenomenon, in all cases vrhere the proteins are found in the presence 
of acids or bases, may be regarded as a well founded working 
hypothesis. 

^Loeb, J, Protdws and the Theory of Colloidal Behaviour, pp. xii and 292. New 
York, McGraw-Hill, 1922. 


CHAPTER VI. 


SOLUBILITY OF VEGETABLE PROTEINS. 

A. Solubility in Water. 

The aqueous extracts of all the seeds which have been thus far ex- 
amined contain protein of several types which have commonly been 
described as globulins, albumins and proteoses. In view of the now 
generally recognised capacity of proteins to form salts with acids, the 
salts of which may be soluble in water while the protein at its isoelectric 
point may be insoluble, it has become impossible to classify properly 
the proteins found in the slightly acid aqueous extracts of seeds until 
each has been studied at its isoelectric point. As such studies have 
been made in very few instances general statements respecting the 
nature of the water-soluble protein obtained from seeds cannot be 
made. 

It is generally assumed, and seems to be highly probable, that 
most seeds contain a small proportion of albumins, but few seeds are 
known in which such occur in any considerable quantity. In most 
cases a complicated mixture of protein salts occurs, a part of which, 
like a globulin, can be precipitated by dialysis, while a part remains 
in solution which, like an albumin, can be coagulated by heating, 
while a further part, still remaining in solution, has the solubility and 
some of the other characteristics of the proteoses that result from the 
hydrolysis of native proteins of eitlter animal or vegetable origin. 

B. Solubility in Saline Solutions. 

Proteins having the properties of globulins can be extracted by 
saline solutions from all the seeds thus far examined, and in a majority 
of them these constitute the greater part of the reserve protein. 

The concentration of the neutral salt solution required to extract 
these globulins varies widely, not only with the nature of the salt, but 
also with that of the protein. Some of the seed globulins are but 
slightly soluble at room temperature in sodium chloride solutions 
containing less than 2 per cent, of this salt, while others are readily 
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soluble in solutions containing" only a few tenths of i per cent. 1 he 
degree of solubility of many seed globulins depends much on the 
temperature of the solution and increases rapidly at about 30 . 

Advantage has been taken of this fact to obtain several of the 
seed globulins in crystalline form, notably that from the hemp-seed 
[Ritthausen, 1881, i], the squash-seed [Griibler, 1S81], and the oat- 
kernel [Osborne, 1892, i]. ■ 

It is often difficult to determine whether some vegetable proteins 
are globulins or not because their solubility depends so much on the 
acids and salts which accompany them in the tissues of the plant. 
As it is convenient, however, to employ some general designation fur 
those proteins which behave similarly under the conditions u.sually 
prevailing during their isolation from the plant cells, "'those proteins 
which can be precipitated by dialysing or by diluting the extracts con- 
taining them are called globulins in this monograph.’^; 

When the aqueous extract of most, perhaps of all seeds, is saturated 
with ammonium sulphate, and the precipitate, which contains the 
protein, is dissolved in water, the resulting solution yields on dialysis a 
precipitate soluble to a greater or less extent in dilute saline solutions, 
but insoluble in water. Some seeds contain a relatively large pro- 
portion of protein which cannot thus be precipitated by dialy.'^i.s until 
a certain very small proportion of acid is added, wherewith protein .salts 
are formed insoluble in water, but soluble in dilute saline solutions. 
A larger proportion of acid yields protein salts which may be soluble 
in water, but insoluble in saline solutions. 

After removing the globulin precipitable by dialysis, a small pro- 
portion remains which can be coagulated by heating the solution at a 
slightly acid reaction. Such protein has usually been regarded a.s 
albumin, i.e. protein soluble in water and coagulable by heat 

Some, if not all, of the seed globulins are salts of the protein, the 
anion present depending chiefly on that of the salt used • for the 
extraction. In the case of edestin from the hempseed, its salts with 
various anions, like the free edestin itself, are readily soluble in saline 
solutions though little if at all soluble in water. The solubility in salt 
solutions is much affected by the amount of acid present ; in general 
the greater the quantity of acid the stronger the saline solution required 
to dissolve the globulin. 

Globulins have been found in relatively gpreater proportion in oil- 
seeds than in those rich in starch. In many of the former, most of the 
reserve protein is readily soluble in a solution containing 10 per cent, 
of sodium chloride. 
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None of the vegetable globulins have been critically studied in 
respect to their solubility in solutions of different salts except edestin 
from the hemp-seed which Osborne and Harris [1905, 3] investigated. 

As edestin is entirely insoluble in water, the solvent effects of the 
addition of various quantities of different salts were determined in the 
following manner. Portions of 2 grammes each of pure crystallised 
edestin were suspended in sufficient water to make a final volume of 
20 c.c. with the different quantities of molar solutions of the several 
salts which were afterwards added, the edestin being in each case in 
excess of the amount dissolved. After agitating for some time, the 
solutions were filtered, nitrogen was determined in 10 c.c. of each, and 
the amount of edestin dissolved was calculated from 'the nitrogen in 
the whole solution. It was thus found that the solubility of edestin 
is closely proportional to the concentration of the salt solution. In 
equimolar solutions of sodium, potassium or caesium chlorides its solu- 
bility is nearly the same. In those of magnesium, calcium, strontium 
or barium chloride its solubility is twice as great as it is in equimolar 
solutions of the chlorides of the monovalent bases, with the exception 
of lithium chloride, in corresponding solutions of which it does not 
dissolve as abundantly as in those of the chlorides of the other 
monovalent bases. Dilute solutions of the sulphates of potassium, 
sodium, lithium and magnesium have a solvent power similar to that 
of corresponding solutions of the chlorides of the divalent bases. 

Bromides and iodides do not behave like chlorides, for sodium and 
potassium iodides have a solvent power twice as great as that of the 
corresponding chlorides, agreeing in this respect wdth the chlorides of 
the divalent bases. The bromides are less energetic solvents than the 
iodides, but more energetic than the chlorides. Barium and calcium 
bromides are equal to one another in solvent power, which is less than 
that of sodium or potassium iodide and greater than that of sodium 
or potassium bromide, the two latter being somewhat less powerful 
solvents than the corresponding chlorides. Lithium bromide is a much 
better solvent than lithium chloride, but less energetic than either 
sodium or potassium bromide. 

Salts of strong bases with weak acids which are dissociated in solu- 
tion with an alkaline reaction have a solvent power approximately pro- 
portional to their hydrolytic dissociation. Sodium sulphite and sodium 
thiosulphate are alike in their solvent power, both being much better 
solvents than the sulphates. Potassium chromate dissolves edestin 
more readily than does either the sulphite or the thiosulphate, and is 
but little less powerful in its solvent effect than sodium carbonate. 
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Salts of weak bases with strong acids, which are hydrolytically dis- 
sociated with an acid reaction, have less solvent power than those of 
strong bases with strong acids, corresponding in this respect to their 
hydrolytic dissociation. Thus manganese chloride, manganese sul- 
phate, and ferrous sulphate dissolve edestin to about the same extent 
as does sodium chloride, having, therefore, about one-half the solvent 
power of salts of strong divalent bases with strong divalent acids, the 
two manganese salts being somewhat better solvents than ferrous 
sulphate. 

At 20° the acetates of potassium, sodium or ammonium have no 
solvent action on edestin, while those of manganese, barium, strontium, 
calcium, and magnesium dissolve it freely, the degree of solubility in 
solutions of each of these acetates being in the order named. On the 
other hand, at 30° sodium acetate dissolves edestin readily. In solu- 
tions of acetates of lead, copper, and silver, which are commonly sup- 
posed to be precipitants of proteins, edestin, in the complete absence 
of other salts, dissolves almost as freely as it does in solutions of 
pure acetic acid. Each of these metallic acetates has equal solvent 
power and evidence was obtained which showed that the metallic ion 
of the acetate was united in organic combination with the protein. 
The solvent effect of lead, copper, and silver acetates is manife.stly due 
to a different reaction with the protein than that which takes place 
when the protein is brought into solution by means of any of the 
other salts previously mentioned. Solutions of edestin, produced with 
each of these other salts, are precipitated by dilution, but those made 
with solutions of lead, copper, or silver acetate are not, behaving in 
this respect like those made with free acid. 

The results obtained with sodium sulphate, which in sufficient con- 
centration precipitates edestin, are of interest, for, while solutions of 
this salt up to a certain degree of concentration dissolve edestin in the 
same proportion as do solutions of a corresponding molecular concen- 
tration of potassium, lithium, or magnesium sulphates, the solvent 
power of more concentrated solutions diminishes with increasing con- 
centration, until by a molar solution of this^salt practically no edestin 
is dissolved. The curve showing the solubility of edestin in solutions 
of different concentrations of potassium sulphate is the same as that of 
corresponding solutions of sodium sulphate up to the point of satura- 
tion of the solution with potassium sulphate. The solubility of potas- 
sium sulphate is so small, however, that molar solutions cannot be 
made, but if sodium sulphate is added to the saturated solution of 
potassium sulphate in such quantity that the solution contains as many 
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molecules of the two sulphates as would the corresponding solution of 
sodium sulphate alone, the solubility of edestin in the solution of these 
mixed sulphates is the same as that in a solution containing only 
sodium sulphate. 

Attention is called to these observations in the hope that someone 
may extend these investigations to other proteins with a view to de- 
veloping better methods for extracting proteins from seeds than those 
now employed which depend almost entirely on the use of sodium 
chloride. The knowledge of the buffer effect of various salts on the 
hydrogen ion concentration of the extracts, as well as of the impor- 
tance of the isoelectric point of the individual proteins which has been 
developed since the experiments above cited were made, should enable 
future investigators to greatly improve our present unsatisfactory 
methods of isolating proteins. 

C. Solubility in Acids and Alkalis. 

It was formerly supposed that many proteins were strongly acid 
in their nature and formed relatively stable salts with bases, as milk 
casein is now generally considered to do. We, therefore, find many 
seed proteins described in the older literature as caseins, and among 
these the so-called legumin from peas and beans was long regarded 
as a protein of strongly acid character. 

Legumin can be extracted from various leguminous seeds by 
neutral sodium chloride solution, and solutions of the preparations 
obtained by dialysis, like those of edestin, are distinctly acid. This 
acidity is probably not caused by the protein itself, but by the com- 
bined acid of a legumin salt. Such preparations usually require about 
2 c.c. of decinormal potassium hydroxide solution per gramme to make 
them neutral to phenolphthalein, a quantity slightly greater than that 
required by similar preparations of edestin which have been proved to 
be acid salts of this protein. It is therefore improbable that legumin 
is a protein of a strongly acid type w'hich is soluble in water only when 
combined with a strong base. In view of these facts there is little 
doubt that legumin, in the free state, is soluble in water, but when 
combined with acids, forms salts having properties characteristic of 
the globulins. 

Nearly all the seeds which have been carefully studied contain 
more or less protein which cannot be extracted by neutral solvents. 
The greater part of this residual protein is, however, soluble in dilute 
aqueous alkalis from solutions in which it can be precipitated by the 
careful addition of acids. The seeds of the cereals contain a relatively 
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large proportion of such proteins which have been provisionally 
assigned to the group of glutelins. Very little that is definite has 
been learned respecting these proteins and until they have been 
further studied by niodern methods it is hopeless to discuss them 
further. 

D. Solubility in Alcohol. 

The seeds of cereals, with the exception of rice, contain much 
prolamin soluble in alcohol of from 70 to 90 per cent. In this respect 
these proteins show a marked ■ contrast in their solubility to all the 
other proteins of animal or vegetable origin. They dissolve in alcohol 
of suitable strength in all proportions, so that their solutions, under 
proper conditions, can be concentrated to thick syrups, from which the 
protein separates on further evaporation in the form of a transparent film. 
The addition of alcohol to the concentrated alcoholic solution precipi- 
tates these proteins when the concentration of the alcohol reaches a 
certain degree, which depends on the nature of the dissolved protein, 
for none of them is at all soluble in alcohol free from water. On the 
other hand, these proteins are precipitated from their alcoholic solution 
when the concentration in alcohol is suitably reduced by the addition 
of water. The limits of concentration in either direction have not yet 
been determined with accuracy, but, in general, solutions containing 
less than 50 per cent or more than 90 per- cent, of alcohol dissolve 
very little of these proteins with the exception of zein of maize, which 
dissolves in all proportions in alcohol of 92 .to 93 per cent 

Other alcohols than ethyl alcohol dissolve gliadin and zein and 
possibly also the other alcohol-soluble proteins, although as yet experi- 
ments with these have not been made. Zein is readily soluble in 
methyl alcohol and in commercial propyl alcohol. Kjeldahl [1892] 
has shown that gliadin is soluble in phenol and Mathewson [1906] that 
it is soluble in dilute methyl and propyl alcohol, in paracresol, and in 
benzyl alcohol, and that -from its solution in phenol it is precipitated 
by adding ether, acetone, pyridine, benzene or chloroform. Mathewson 
also found that methyl, ethyl, propyl and amyl alcohols all produce 
precipitates in the phenol solution, the amount required being less the 
greater the molecular weight of the alcohol, but precipitates are not 
produced by adding several volumes of aniline, phenylhydrazine or 
nitrobenzene, although gliadin is not soluble in these latter substances. 
When dissolved in phenol the solution can be heated to 140® without 
producing any notable effect on the specific rotation of the dissolved 
gliadin. 
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PRECIPITATION OF VEGETABLE PROTEINS. 

A. Precipitation by Neutral Salts. 

Some of the seed proteins are precipitated by saturating their solution 
with sodium chloride or with magnesium sulphate, all of them are 
precipitated by saturating with ammonium sulphate or with sodium 
sulphate at 33°. Since precipitation between definite limits of con- 
centration of ammonium sulphate is a characteristic property of the 
individual globulins and albumins, this salt affords one of the best 
means yet employed for separating two or more proteins from one 
another when present together in extracts of seeds. Thus by adding 
ammonium sulphate gradually to the extract a precipitate forms 
which rapidly increases in amount on the further addition of this salt. 
By filtering out this precipitate and testing the filtrate by adding a 
little more of the sulphate, it is usually found that no further pre- 
cipitate forms until the concentration in ammonium sulphate is con- 
siderably increased. The second precipitate which then forms is a 
different protein from the first. These precipitates can then be repre- 
cipitated between the limits of concentration thus established and each 
protein be obtained in a state of relative purity. 

B. Precipitation by Dilution or by Dialysis. 

Precipitation by dilution or by dialysis is frequently employed in 
isolating many of the seed proteins. From what has been said before 
it is evident that the degree of precipitation obtained by this means 
depends largely on the reaction of the solution. Most of the pre- 
cipitates are protein salts, and usually separate from solutions only at 
a suitable hydrogen ion concentration. It is for this reason' that 
many diluted solutions of proteins yield a precipitate only after 
carbonic acid has been passed through them, for the small proportion 
of hydrogen ions thus liberated in the solution is sufficient to lead to 
the formation of their insoluble salts. That such salts are formed by 
the action of carbonic acid has been shown by Osborne [1901, 3] by 
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the following experiment with edestin, which in the free state is more 
soluble in a very dilute solution of sodium chloride than are its salts. 
Such a solution when diluted with water until it shows a slight tur- 
bidity and then saturated with carbonic acid yields a crystalline pre- 
cipitate. This precipitate when washed free from sodium chloride 
requires a considerable quantity of decinormal potassium hydrate 
solution to mM<e it neutral to phenolphthalein. After the edestin is 
removed by filtration the solution in which the neutralisation is effected 
contains over go per cent of the added potassium in the form of 
chloride, which shows that the precipitate produced by carbonic acid 
is edestin chloride, formed in consequence of the slightly acid reaction 
imparted to the solution by the carbonic acid. Solutions of legumin 
which are neutral to litmus, as well as similar solutions of many other 
seed proteins, when dialysed yield no precipitates, but slightly acid 
solutions yield such abundantly. 

C. Precipitation by Acids. 

Precipitation by acids may be due either to the acid uniting with 
a base, previously combined with the protein to form a soluble com- 
pound, or by the formation of a salt of the protein insoluble in water. 
The formation of a precipitate on neutralisation, therefore, depends on 
the nature of the protein. Edestin dissolved in dilute potassium or 
sodium hydrate is precipitated by adding enQj|gh acid to combine 
with all of the alkali that is present, for the free edestin is insoluble 
in water. A solution of legumin is not thus precipitated, for the free 
legumin is soluble, but a very little more acid precipitates an insoluble 
salt of legumin. A further addition of acid beyond the amount re- 
quired to form a precipitate dissolves the protein, the quantity neces- 
sary depending upon the proportion of mineral salts contained in the 
solution, for the soluble acid salts of most seed proteins are insoluble 
in the presence of small amounts of inorganic salts. Thus edestin 
dissolved in the least possible quantity of hydrochloric acid necessary 
for its solution is precipitated by traces of most mineral salts, but a 
slight excess of acid requires the addition of more salt for precipitation. 
The precipitation of most seed proteins by acids, therefore, depends 
largely on the presence of mineral salts in their solutions. An excess 
of acid appears to act in much the same way, although a larger mole- 
cular concentration of acid than of a neutral salt is needed to effect 
precipitation. 



CHAPTER VIIL 


DENATURING OF VEGETABLE PROTEINS. 


A. Denaturing by Acids. 

Proteins are subject to changes whereby their molecules are slightly 
altered and their solubility is affected. Our knowledge of the nature 
of these changes and the various products which result from the 
denaturing influence of the agents which bring them about, is very 
limited. It is commonly stated that the action of acids on proteins 
produces “ acid albumin,” which is described as insoluble in water but 
readily soluble in the slightest excess of either acid or alkali. Products 
having such solubility appear to be formed by the action of acid on 
nearly all kinds of proteins, and the " acid albumin ” which results 
resembles in its constitution the protein from which it originated, for 
the changes involved in its formation are slight and do not lead to any 
profound decompo^tion of the molecule. Little attention has been 
paid to the possibility of the formation of intermediate products 
between the native protein and this “ acid albumin,” and much con- 
fusion still exists in the literature in connection with the action of acids 
on proteins. Falk ^ has suggested that in the presence of acids a 
tautomeric change may occur at the peptide union and has pointed out 
that those conditions which are knovrn to effect such changes in 
compounds whose constitution is established are the same as tho.se 
which affect the activity of enzymes. It is not at all improbable that 
such changes may be involved in the early stages of the denaturing of 
proteins, though direct evidence of this has not yet been obtained. 

Experiments made by Osborne [1902, i ; 1901, i] showed that 
small quantities of acids effect profound changes in the solubility of 
edestin without altering its ultimate composition sufficiently to be 
detected by analysis. As the results of these experiments appear to 
have a general application and to shed considerable light on the 
denaturing effect of acids on proteins they will here be described in 
detail. 


’■Falk, K. G. A Chemical Study of Enzyme Acfim. 
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Crystallised edestin, on solution in the least possible quantity o 
hydrochloric acid, yields a solution which is precipitated by the additior 
of a little sodium chloride. This precipitate, treated with a stron|; 
solution of sodium chloride, never wholly redissolves. If the part that 
does dissolve is recrystallised and the experiment repeated, a part ol 
the preparation originally soluble in a neutral salt solution again remains 
undissolved, and this occurs each time the treatment is repeated. Thi.s 
insoluble derivative, which cannot be made soluble again in a neutral 
salt solution by any known means, is not “ acid albumin,” for it is not 
soluble in a slight excess of potassium hydroxide solution. Similar 
products result from nearly all the seed proteims, and their formation 
may be considered to be a general property of the.se substances. As 
no suitable name had ever been suggested for such insoluble products, 
the writer has proposed that they, be called in general protcans^ that 
that obtained from edestin be called edestan^ and that similar derivatives 
from other proteins be giv^en corresponding names. 

Preparations of nearly all proteins made by the customary methods 
contain more or less substance of such altered solubility, and there is 
little doubt, in view of what we have learned in regard to the formation 
of these products from edestin, that they are the result of the action of 
a slight quantity of acid present in the .solutions from which they were 
originally obtained. The following experiments, made with ede.stin, 
give the evidence on which this belief is founded. Unfortunately 
these experiments were made at a time when the modern methods for 
measuring the hydrogen ion concentration of the solutions had not been 
developed so that this important factor was not accurately defined. 
However, as the results of the experiments were positive, they are 
here given in the hope that they may stimulate a further study of this 
change in the protein molecule which in the past has seriously inter- 
fered with the preparation and purification of many of the vegetable 
proteins. 

Several I gramme portions of neutral edestin, which contained 2*i6 
per cent, of edestan, were suspended in lo c.c. of pure water and kept 
at different temperatures for six hours with frequent shaking. An 
equal volume of 20 per cent, sodium chloride solution was added and 
the solution at once made neutral to phenolphthalein. The solution 
was then filtered and nitrogen determined in the thoroughly washed 
residue collected on the paper, from which the quantity of edestan was 
calculated. 
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Percentage of Edestan Formed by Contact with Water. 


Treated at once 
with 10 per cent. 
NaCl at 30 °. 

Treated with sodium chloride solution after six hours. 

Water a. CO3 
at 30 °. 

Pure Water 
at 30°. 

Pure Water 
at 30°. 

Pure Water 
at so". 

• 

2" 16 

675 

4“32 

7 -II 

29-00 


These figures show that even at 20“ the quantity of edestan which 
is formed by water alone is twice as great as in the original preparation 
and that the quantity is decidedly greater if the water contains carbonic 
acid. At 50° about four times as much edestan is formed as at 30° 
and nearly eight times as much as at 20’’, showing the velocity of the 
reaction to be doubled by each increase of 10“ in the temperature. In 
view of the larger amount of edestan produced by water containing 
carbonic acid we should expect to find that the proportion of this 
insoluble product would be increased by the addition of small quantities 
of strong acid to the solution. This has been found to be the case, 
and the following figures give the result of experiments which have 
shown this : — 


Percentage of Edestan Formed by Acids at 20°. 


9c.e.^HCl. 

3 30 

hours hours 

Hc.c.,|hC1. 

3 20 

hours hours 

18 C.C. — HNOj. 
100 ^ 

34 hours. 

rg c.c. ~ HNO3. 

24 hours. 

20 C.C. HNO3. 

TOO 

34 hours. 

g-oi 12-15 

29'8o 33-35 

68-38 

75-20 

79*02 


These figures, compared with those of the preceding table, show 
that edestin yields much more edestan in contact with acids than 
in contact with water. In the experiment in which 9 c.c. of 
centinormal hydrochloric acid were used the proportion of edestan 
that formed was very much less than in the experiment containing 
14 c.c. of the same acid. In the first experiment the amount of 
acid used was less than that with which the edestin can combine to 
form a water-soluble compound, and the solution therefore contained 
only so much free acid as was produced by hydrolytic dissociation of 
the edestin salts. In the experiment with 14 c.c. of acid a small 
amount of acid in excess of that required to form a soluble compound 
was present, and the effect of this larger quantity of free acid produced 
by the greater dissociation of the weaker acid compounds of edestin 
is made manifest in the greatly increased quantity of edestan which 
was produced. 
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That the amount of edestan which is formed depends on th 
degree of ionisation of the acid which produces it is shown by th 
following experiments, in which portions of neutral edestin, eac 
weighing i gramme, were suspended in 6 c.c. of water and 14 c.c. c 
centinormal hydrochloric, phosphoric and acetic acids were respective! 
added. The quantity of edestan that had formed after frequent! 
agitating during two hours is given in the following table : — 


Percentage of Edestan Formed by Equivalent Quantities of Different Acid 
UNDER the Same Conditions. 


HCl 

14 C.C. , 

^ 100 ’ 

19-29 


14 C.C. 
16*02 


H3P04 
100 ’ 


14 C.C. 


H^CijOg 

100 


5 '65 


The solution of phosphoric acid contained 0-98 gramme of H3PO 
per litre and was made on the assumption that this acid would behav< 
toward edestin as a monobasic acid. The quantity of edestan formec 
by acetic acid as compared with that formed by hydrochloric acid i‘ 
doubtless due to the lesser ionisation of the former acid. 

The edestan contained in preparations of edestin, made by the 
usual methods, has the same properties as the edestan which resultJ 
from the action of acids on the unchanged edestin, for if preparationt 
of edestin, made by the commonly employed methods, are treated with 
water, and the solution of the soluble part is precipitated by the 
addition of a little sodium chloride, the precipitate produced, when 
treated with a large proportion of sodium chloride, leaves an insoluble 
residue which in all respects appears to be the same as that obtained 
by the action of acids on the unchanged edestin. 

Edestan is a voluminous white powder which swells somewhat in 
water, and forms a colourless transparent jelly with very dilute hydro- 
chloric acid. In the dry state it is little, if at all, soluble in strong 
ammonia, but the gelatinous mass formed by treating the substance 
with very dilute hydrochloric acid is slightly soluble therein and yields 
a solution which gives a precipitate with ammonium chloride. Con- 
sequently when hydrochloric acid is added to its ammoniacal solution 
a precipitate forms, even when much of the ammonia is still un- 
neutralised. The ammoniacal solution is not precipitated by sodium 
chloride. 

Edestan exists in preparations of edestin chloride in combination 
with acid. The amount of acid required to form a compound 
sparingly soluble in water appears to be definite, as the following 
experiments show. A quantity of edestan obtained from a preparation 
of edestin chloride was suspended in water and dialysed until the 
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dialysate was free from chloride. The dialyser then contained an 
opalescent fluid and a voluminous precipitate. The acidity of the 
substance dissolved in this solution was found in two experiments to 
correspond to 21-5 and 23-4 c.c. of a centinormal solution per gramme. 
Other experiments gave similar results, from which it appeared that 
the acidity of the edestan chloride was almost exactly three times 
that of the edestin chloride soluble therein. From these results we 
may conclude that the basic property of this altered product is 
greater than that of the original protein, and as this substance 
originates so readily and in such large proportions in the presence of 
a small amount of free acid, it is evident that experiments which have 
been made to determine the acid-combining power of proteins, in 
which an excess of acid has been employed, may not necessarily show 
the acid-combining power of the unchanged proteins. 

The reactions of edestan are similar to those which are considered 
to be characteristic of the histone group, but there is manifestly no 
connection between this substance and the true histones. The 
globin obtained from haemoglobin by the action of dilute acids is 
generally designated a histone on the ground of the similarity of the 
reactions of the two substances. It is possible, if not probable, that 
globin more nearly resembles edestan than the true histones and that 
it is a similar product of alteration of the protein constituent of the 
haemoglobin which has been produced by the action of acids, in the 
same way as edestan is produced from edestin. Products similar to 
edestan are formed apparently from some of the animal proteins with 
great ease, as, for example, from the myosins of muscle tissue which 
rapidly become insoluble in neutral salt solution during the develop- 
ment of acid which occurs in these tissues soon after death. 

Whether other products than edestan are formed by the action of 
acids on proteins before true “ acid albumin " results has not yet been 
determined ; it is not improbable that such may be the case. 

B. Denaturing by Alkalis. 

It has long been known that proteins undergo a change when 
dissolved in solutions containing a moderate quantity of caustic alkali. 
A product of this change which is known as "alkali albumin” or 
“alkali albuminate” resembles in solubility the acid albumin which 
results from proteins through the action of dilute acids. No satis- 
factory study has ever been made of these two substances and little, 
therefore, is known in respect to their relations to one another. 
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Such scattered observations as are on record indicate that the 
vegetable proteins are less easily affected by alkalis than are the 
animal proteins. Ritthausen’s experience in extracting seed proteins 
with dilute caustic alkali solutions showed that the precipitates 
produced by neutralisation still retained, to a large extent, their 
solubility in neutral saline solutions, from which it was clear that 
much of the protein thus extracted had not been converted into 
“alkali albumin.” 

Chittenden and Osborne [1891-92] found that zein was particularly 
resistant to the action of alkali, for even after digesting with 2 per 
cent, potassium hydroxide solution at 40° for twenty-four hours, the 
zein still retained its original solubility in alcohol and gave no evidence 
of the formation of any “alkali albumin.” In this experiment the 
possibility, however, is not excluded of the formation from zein 
of an “ alkali albumin ” soluble in alcohol, for it may be that the zein 
had suffered a change quite analogous to that which results in the 
formation of “ alkali albumin ” without producing a substance whose 
solubility was like that of the “ alkali albumin ” obtained from other 
proteins. 

Experience indicates that seed proteins are less easily altered by 
small quantities of alkali than they are by acids, a fact which is 
contrary to the generally accepted view in regard to the action of 
alkalis and acids on proteins in general. 

Since proteins readily lose ammonia through the hydrolytic action 
of alkalis on the amide group which nearly all proteins supposedly 
contain, it is probable that the so-called denaturing of proteins by 
alkalis is the result of hydrolysis. Further discussion of this question 
will be found in Chapter IX. on the hydrolysis of vegetable proteins. 

C. Denaturing by Alcohol. 

Alcohol produces a marked denaturing effect on many of the 
animal proteins, and the ease with which such changes are effected 
differs with the different proteins. Thus, ovalbumin is quickly 
converted into a product insoluble in water, but serumalbumin resists 
this change for a longer time. Many of the proteins of seeds appear 
to be but little affected by a long treatment with alcohol, and the 
evidence that any change whatever is caused by alcohol is of such an 
uncertain character that definite statements in regard to the action 
of alcohol cannot at present be made. Zein shows an apparently 
unique behaviour toward alcohol, for when dissolved in strong alcohol 
the original solution gradually becomes gelatinous and finally is 
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converted into a firm jelly which is a combination of the zein with 
alcohol similar to that formed by gelatin with water when its hot 
solutions are cooled. The formation of this combination depends on 
the concentration of the solution in zein and apparently also on other 
conditions, the nature of which is not known. Whether an actual 
denaturing of the protein here occurs is uncertain, but this appears to 
be the case, for it has not yet been found possible, by any of the 
numerous means that have been employed, to restore the zein to its 
original solubility in alcohol after this change has once taken place. 
Such a change has not been obseiwed with any of the other alcohol- 
soluble proteins. 


D. Denaturing hy Metallic Salts. 

It is generally recognised that the addition of salts of the heavy 
metals to solutions of a protein result in the denaturing of the protein. 
It is probable, from experiments which have been made with edestin, 
that this denaturing is largely if not wholly due to the fact that such 
metallic salts are hydrolytically dissociated with a strong acid reaction 
and that, in the presence of the acid thus set free, the protein is rapidly 
denatured. Solutions of ferric chloride behave toward edestin in 
almost exactly the same manner as pure hydrochloric acid, the edestin 
being denatured with the formation of a product soluble in dilute acid 
but not precipitated by an excess of ferric chloride. It is probable 
that the acid set free by hydrolytic dissociation of the metallic salts 
is the chief cause of the difficulty encountered in attempting .to prepare 
definite salts of the protein with metals. 

E. Denaturing by Heat. 

It appears to be commonly believed that all proteins having the 
properties of globulin are completely coagulated by heating their 
slightly acid solutions and that this property is also shared by nearly 
all of the other native proteins. In this respect the seed proteins > 
differ in a marked degree from the animal proteins, for most of them 
are very incompletely coagulated by heating their solutions, even to 
boiling, and many of them are not coagulated at all under these 
conditions. In this connection should be considered the part which 
acid plays in the production of a heat coagulum, for it is well known 
that alkaline solutions of proteins cannot be coagulated by heat and 
that neutral solutions are usually coagulated with difficulty. It is 
customary in attempting to separate a protein from its solution by 
heat to add a very small quantity of acetic acid. From what w^e have 
■ ^ " S' ■ 
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said in relation to the denaturing effect of acid on protein it is evident 
that acid cannot be added to the solutions of many of the seed proteins 
without of itself causing a change in the solubility of the protein, and 
it becomes difficult in such cases to distinguish between the denaturing 
effect of the acid and that of the heat. It has, therefore, been the 
practice in determining the effect of heat on vegetable proteins to heat 
them in solution without the addition of any more acid than that 
which has combined with them during the process of isolation. 
Osborne and CampbelP have shown that crystallised ovalbumin, 
which has an acid reaction toward phenolphthalein similar to that of 
the preparations of the seed proteins, is completely coagulated when 
its solutions are sufficiently heated. If, however, enough alkali is first 
added to make the solution faintly alkaline to phenolphthalein, no 
coagulum forms on heating, although the albumin has suffered a 
chemical change which is made evident by the precipitate which forms 
on cooling the solution and then adding a quantity of acid correspond- 
ing to that originally present in the crystalline substance. 

The behaviour of edestin solutions toward heat is similar to that 
of a large number of other seed globulins, and in this connection the 
experiments of Chittenden and Mendel [1894] are of interest, for they 
show that the acid combined with the crystallised edestin is insufficient 
to effect its complete coagulation, as the part of the edestin which is 
not coagulated remains unchanged even after long heating in a boiling 
solution. Chittenden and Mendel employed a sodium chloride solu- 
tion of edestin which had been obtained by extracting hemp seed with 
a solution of this salt at 60°, a process which yields preparations con- 
sisting chiefly of the more acid hydrochloride of this protein, which is to 
some extent hydrolysed when dissolved. On heating this solution to 
boiling, a part of the edestin was coagulated. On removing the coagu- 
lum and dialysing the filtrate the edestin was precipitated unchanged as 
shown by its complete crystallisation. When a very little acetic acid 
was cautiously added to the filtrate from the coagulum and this again* 
heated to boiling, a second coagulum resulted at 95“— the same 
temperature as that at which the first coagulum began to form. The 
coagulation in this case, as in the first, was still incomplete, and the 
filtrate from the coagulum required a further addition of acid in order to 
give a coaplum on again heating to boiling. From this we might 
conclude that, in the complete absence of acid, edestin would 
not be affected by simply heating its solution, were it not for the fact 


^ Osborne, T. B., and G. F. CampbeU. 
J. Amer. Cbem. Soc., 1900, 23, 422-450. 


The Protein Constituents of Egg-White. 
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that the writer has found that edestin which contains no combined 
acid behaves in the same way as the edestin chloride. 

Some seed proteins, as, for instance, leucosin obtained from wheat, 
are more easily coagulated than the seed globulins, but whether these 
can be completely separated from their solution by heating to a few 
degrees above the temperature at which a flocculent coagulum is 
formed, is still an open question. The aqueous extract of wheat flour 
becomes turbid on heating to 48° to 50° a flocculent coagulum is 
formed at 52°. Whether the leucosin is thus completely coagulated 
is difficult to decide, for after heating the solution for some time at 
65°, at which temperature it remains clear, a second but smaller 
coagulum begins to separate at 73°> which gradually increases in 
amount as the temperature is raised to 82°, No more coagulum is 
formed even on boiling. Whether this second small coagulum, 
formed at the higher temperature, is a residue of leucosin which 
remains uncoagulated at the lower temperature or a distinctly different 
protein having a higher coagulation point, remains to be determined. 

Most seed extracts behave in a similar manner on heating, and in 
view of the incomplete coagulation of edestin and other seed proteins 
it is a question whether or not the coagula obtained at the several 
temperatures are really formed from different protein substances. 
The temperature at which a coagulum separates in such solutions 
depends much upon the rate of heating, so that when the temperature 
is raised rapidly the first coagulum is obtained at a much higher de- 
gree than when raised slowly. The presence of sodium chloride in 
the aqueous extract of wheat flour has little effect on the temperature 
at which the coagulum separates. In respect to its behaviour toward 
heat leucosin resembles the animal proteins more closely than do the 
globulins, which constitute the greater part of the reserve protein 
of most seeds. We have already stated the reasons for believing 
leucosin to be chiefly contained in the embryo of the seed, and it is 
pi'obable that the physiologically active seed proteins, in this respect 
as well as in others, more closely resemble the physiologically active 
animal proteins than do the true reserve proteins of the seed. 
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CHAPTER IX. 

PRODUCTS OF HYDROLYSIS OF VEGETABLE PROTEINS. 

A. Hydrolysis by Acids. 

The amino-acids which have been obtained from vegetable proteins 
are the same as those 3delded by animal proteins. Ammonia is also 
a constant product of their hydrolytic decomposition. It is thus 
plain that no fundamental chemical difference exists between the 
vegetable and the animal proteins. Such differences as have been 
detected consist chiefly in the proportion in which some of the amino- 
acids are yielded by many of the proteins from plants as compared 
with most of those of animal origin. In general the plant proteins 
yield more glutaniinic acid and ammonia than do the animal and 
many of them also yield less lysine. Proline has been obtained in 
relatively large amount from a number of the plant proteins, and 
arginine is yielded in larger proportion by some of them than by most 
animal proteins except the protamins. The vegetable proteins soluble 
in alcohol, on the other hand, yield these basic amino-acids in remark- 
ably small proportion, zein [Osborne and Leavenworth, 1913] being 
the only one which has yet been found to yield no lysine. 

It has long been recognised that many vegetable proteins contain 
more nitrogen than the animal proteins, and it has been shown 
[Osborne, Leavenworth and Brautlecht, 1908] that this difference is 
chiefly due to a relatively larger proportion of arginine in the former. 
A few, however, of the seed proteins which are rich in nitrogen yield 
but little arginine. In these the high nitrogen content is due to a 
large proportion of amide riitrogen. : 

It is probable that only a partnf the sulphur of vegetable, as well 
as animalj proteins belongs to cystine .because when these are decom- 
posed by heating with- strong alkali a smaller proportion of the 
sulphur is converted into sulphide than is the case when cystine itself 
is similarly treated. No evidence has. yet been obtained to indicate 
the nature of this still ’Unidentified sulphur-containing substance. The 
proportion of sulphur, and therefore presumably of the cystine-yielding 
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complex in vegetable proteins, differs greatly. Thus vicilin, from 
some of the leguminous seeds, contains only O'l per cent of sulphur, 
while antiarin [Kotake and Knoop, 191 1], from the latex of Antiaris 
toxicaria^ contains over 7‘0 per cent 

Troensegaard [1921, 1923] has advanced the view that the protein 
molecule is for the most part made up of heterocyclic rings which can 
be easily split by acids, alkalis or enzymes because a large part of 
the oxygen of the protein is present as hydroxyl. Experience has 
shown that such hydroxyl causes easy splitting of heterocyclic rings 
and he assumes that by means of acids or alkalis the splitting of the 
ring may lead to the formation of amino-acids. Since Troensegaard’s 
experiments were largely made with gliadin attention is here called to 
them, though in the author’s opinion further evidence in support of this 
theory is required before it can be accepted as a better conception of 
the structure of the protein molecule than that of peptide uni6n be- 
tween the amino-acids which has been founded on the work of Emil 
Fischer. 

The experiments of Chittenden [1894] and his associates have 
shown that the proteoses and peptones formed from vegetable proteins 
by the action of pepsin hydrochloric acid are similar to those obtained 
from animal proteins. 

Underhill [1903] found that both the natural and artificial vege- 
table proteoses have the same physiological effect when injected into 
the circulation of animals as have those of animal origin, namely, a 
lowering of the blood pressure, rendering the blood uncoagulable, 
accelerating the flow of lymph, deep narcosis, and other toxic 
symptoms. 

Knaffl-Lenz [1913] tested the action of peptone obtained from care- 
fully purified preparations of several vegetable proteins when injected 
into dogs and cats and found that the effect produced corresponded 
closely with the intensity of the tryptophan reaction given by the 
proteins. Thus zein peptone even in relatively large amount had no 
peptone action and did not protect the animal in the slightest degree 
against a subsequent injection of Witte’s peptone. A sufficient quan- 
tity of the gliadin peptone caused typical reactions. Smaller quantities 
had no effect on the coagulability of the blood, but produced an evident 
peptone immunity. Of the other vegetable peptones, cucurbitin, the 
crystalline globulin from the squash-seed, which showed the strongest 
tryptophan reaction, gave the peptone reactions as strongly as did 
Witte’s. peptone. Legumin and edestin peptones were less potent and 
vicilin peptone still less so. 


yo 


THE VEGETABLE PROTEINS 


Fischer and Abderhalden [1903] obtained by tryptic digestion o: 
edestin a resistant product which they believed to contain all of the 
proline and phenylalanine and from the products of acid hydrolysis 
of gliadm a dipeptide of leucine and glutaminic acid [1907]. Osborne 
and Clapp [1907, 2] similarly isolated a dipeptide of proline and 
phenylalanine from this latter protein after prolonged hydrolysis with 
sulphuric acid. 

Whether the vegetable proteins are in general more difficult to 
hydrolyse completely than are the animal has not yet been definitely 
determined. That combinations difficult to hydrolyse may occur is 
shown by the presence of the above-mentioned dipeptide of proline and 
phenylalanine, which required several hours’ heating in a closed tube 
with concentrated hydrochloric acid before it was completely hydrolysed. 
The writer once found that when gliadin was boiled with 25 per cent, 
sulphuric acid for twelve hours a considerable quantity of an insoluble 
product resembling humin formed, which when further hydrolysed by 
boiling with strong hydrochloric acid yielded several amino-acids, 
among which glutaminic acid and cystine were conspicuous. 

B. Hydrolysis by Alkalis. 

In comparison with acids, alkalis have been little used to effect 
hydrolytic decomposition of proteins, as some of the amino-acidis, 
notably arginine, cystine, and tryptophan are thus destroyed. Os- 
borne, Leavenworth and Brautlecht [1908] found that continued boiling 
with a strong solution of sodium hydroxide yields a quantity of ammonia 
corresponding to the sum of the amide nitrogen and one-half of the 
nitrogen of the arginine. With these exceptions the products of alkaline 
hydrolysis are, so far as is now known, the same as those produced by 
acids. In regard to the proportion of ammonia eliminated by alkaline 
hydrolysis, and the forms of union of nitrogen in the molecule of some 
vegetable proteins, the reader is referred to p. 71. 

C. Colour Reactions. 

From what has been said of the products of protein decomposition 
it is evident that the colour reactions of the vegetable proteins are 
practically the same as those of the animal proteins. None of these 
reactions, therefore, deserves consideration except those showing the 
presence of carbohydrates. In the case of vegetable proteins, associated 
so intimately with a variety of carbohydrates, Molisch’s reaction is of 
especial interest, for this indicates the presence of even minute quan- 
tities of any of the members of this group. Preparations of protein 
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which do not give this reaction may be regarded as entirely free from 
any carbohydrate or from any complex which can yield a carbohydrate 
or furfural, as, for instance, glucosides or nucleic acid. The fact that- 
a large number of the vegetable proteins give absolutely no trace ofj 
colour with Molisch’s test, shows that none of these belong among^ 
the glycoproteins. Whether protein preparations which give Molisch’s 
reaction contain a carbohydrate group as a constituent of their mole- 
cules, or as a constituent of some group organically united with the 
protein molecule, or as simply a contamination, cannot yet be definitely 
decided. Attempts to isolate glucosamine or any other carbohydrate 
from such proteins have, up to the present time, failed, and we have 
no good ground to believe that any of the seed proteins actually con- 
tain a carbohydrate group notwithstanding statements to the contrary 
in the older literature. Still, we have no conclusive evidence that some 
of them do not contain such a group, for it is extremely difficult to 
isolate carbohydrate from a mixture of protein decomposition products, 
and the fact that this has not yet been accomplished is by no means 
conclusive evidence of the absence of such substances. Molisch’s 
reaction is not given by most of those proteins whose physical properties' 
favour their purification. Preparations of cucurbitin, edestin, excelsin, 
juglansin, corylin, amandin, the flax-seed globulin, and legumin from 
the pea or vetch, have been obtained which give no trace whatever of 
this reaction. On the other hand, preparations of other proteins, t 
especially those from the leguminous seeds, frequently give very strong 
reactions, but it has been noted that when a number of different pre- 
parations of one or the other of these proteins are tested under uniform 
conditions the intensity of the reaction varies greatly. In such cases it 
is highly probable that this reaction is caused by a small amount of 
some contaminating substance which is difficult to separate from the 
protein. 

D. Nitrogen in Vegetable Proteins. 

Partition of Nitrogen in Seed Proteins. 

The different forms in which nitrogen occurs in seed proteins have 
been extensively studied by Osborne and Harris [1903, i]. Following 
Hausmann’s [1900] method, slightly modified, they obtained the 
results given in the table, p. 72. Several proteins of animal origin 
were likewise analysed and are given for comparison. 

The most striking feature shown by this table is the wide range in 
the amount of basic nitrogen obtained from the different proteins, 
namely, from one-third to one-thirtieth of the total nitrogen of the 
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protein, while the proportion of ammonia differs from one-fourth to 
one-sixteenth of the total nitrogen. The non-basic nitrogen, on the 
other hand, is more constant even than the total nitrogen and forms 
from about one-half to three-fourths of the latter. 

Partition of Nitrogen in Different Proteins. 


In per cent, of protein. 


! In per cent, of nitrogen. 


I Globulin, 

I ” 

I Edestin, 
Excelsin, 
Coiylin, 
Globulin, 

Juglansin, 

Conglutin, 

Legutnin, 


Globulin, 
Vicilin, ■ 


Vitellin, 

Vignin, 

Globulin, 

Conalbumin, 

Amandin, . 

Fhaseolin, 

•J 

Glycinin, 

Legumelin,' 


Leucosin, : 
Casein, 
Ovalbumin, 
Glutenin, 

' Gliadin, 

Hordein, 

Zein, 


cocoanut 

squasb-seed 

hemp-seed 

Brazil-nut 

hazel-nut 

cotton-seed 

castor-bean 

walnut 

lupine 

pea:^ . 
lentil 

horse-bean 

vetch 

flax-seed 

pea 

lentil 

horse-bean 

I 

cow-pea i 
sun-flower . j 
egg-white.^ - 
almond 
kidney-bean ! 
adzula-bean ! 
'soy-bean- ’ 
lentil : , I 

horse-bean j 
adzuki-bean,:j 
soy-bean^: I 
wheat ! 

cow’s milk I 
egg-white 1 -| 
wheat I 


6 I 6-o6 

8 5-97 

8 I 5-91 

s 576 

3 ! 575 

2 i 571 
5 I 5*64 

3 j 5*41 

2 I 5*20 
j I 5*13 

3 I 5*11 

} • 5 'x 6 
! 4-92 

) 5*17 

) 477 

) 4*92 

i 4*59 
1 4*53 

I 4*36 
: j 4-28 

4*27 

i 3*76 
i 4*15 
- 3*63 
4’i8 
3*95 
- 3*59 
3*43 
3*84 

'3'o8 
-3*50: 
3*49 
!: 3*20 1 
! : 2*03 -| 
J "^9 I 

I ° ^7 
1 : 0^9^ I 


! io‘92 

j 11*04 

j 1078 
I 10*89 
; 10*89 

I II*OI 
! 11*03 

! 11*50 
I 3 :o *40 
I 10*29 
! 11*10 
j xx'io 
! xx*4i 
I 10*92 
i xx*49 
j 10*22 

i. 10*77 

! xo*35 
!- 10*04 
I io*8i 

I xi*5o 

i xo*93 
! 11*63 
i 10*56 
i 10*01 
■11*27 
10*97 
! 11*10 
. 10*93 

11 H 4 
11*84 
10*31 
i 10*68 
11*95 
12*17 ' 
12*56 
12'20 
12*51 


0*14 : 18*48 i 
0*22 18*51 ! 

0*12 I 18*69 
0*17 I 18*30 [ 


I ! 18*64 

! 0*12 I 18*75 


ig*oo j 11*6 


I 0*15 j 18*84 i 

I o*i8 17*90 : 11*8 

! 0*14 ; 18-21 I 14*0 


10*3 ! 30* 

10*5 I 30* 


I 0*15 ’I 18*04 j 9*3 i 28- 

! 0*11 j i8*o6 9*3 I 28* 

I 0*11 i8*o6 ! 9*0 I 27*: 

.1 0*18 I i8-02 ! 9*7 28* 

j 0*22 I 18*48 ! 10*8 25* 

0*21 17*05 j 10*0 ! 28* 

I 0*13 17*24 ! 10*1 I 26* 

0*23 17*04 j 11*3 I 26* 

j 0*59 16*28 i 7*9 I 26* 

0*25 17*25 i ii*i j 24*, 


0*24 I 18*58 i 13*8 

0*42 j 16 *11 I 6*2 

0*17 j 19*00 i6*o 


I -0*33 j 16 *20 j 10*4 j 22*: 
I 0*27 i 16*20 j 10*7 I 25*, 

I 0-12 j 17*45 I 12*1 i 22*1 

j 0*42 I x 6 'o 5 j 6*7 i 22*; 

i -0*44 I 15*92 i 6*0 I 2i*i 

j 0*30 I i6*io j 6*4 j 23 ■( 

j o;39 j 16*09 ! 7'3 \ I 9 ': 

j 0*43 ! 16-93 i 6*8 j 2o*( 

j 0*21 1.15*62 . 10*3 I 22 V 

I 0*29 15*51 8*6 I 2o*( 

j 0--19 17*49 I .i8*8 I ii*^ 


0*23 i 17*21 j 23*3 
o*i6 j 16*13 j i8*4 


1 ! 59*0 
; ! 59*6 
' I 57*7 
! 57’8 
i 59*5 
i 59*1 
j 58*7 
! 6 i*2 
! 58*1 

i 56*6 
i 61*5 

I 6 i *3 ! 
! 63*2 ] 
i 6 o *7 I 
• I 62*0 I 
6o*o j 

60*7 
I 61*6 
I 62*6 
I 6i*g ! 

! 67*8 ! 

! 61*2 ! 

i 65-2 ! 

I 61*7 I 
i 64*6 1 
i 68-3 ! 

i 69*5 j 
j 67*9 j 

i j 

69*6 
66*0 
I 69*0 
68*3 
I 68*9 ! 

I 70*0 I 
70*9 
77*5 ' 


‘ Revised figures, given 


of .later unpublished determinations. 


Comparison of the Nttrogpt Precipitated by Phosphqtungstic Acid with 

^ regard to the accuracy of 

the figuress giyen for the-hh^^ by phbsphotungstic acid. 
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since the only strongly basic amino-acids yielded by proteins are 
arginine, histidine and lysine, and these are, therefore, precipitated 
from a dilute solution by phosphotungstic acid. The nitrogen thus 
precipitated should, consequently, be equal to the nitrogen contained 
in these three basic amino-acids, if no other basic substances are present 
among their decomposition products. Cystine is also precipitated 
to some extent, but as this amino-acid usually occurs among the 
products of hydrolysis of proteins in very small proportion, the effect 
of cystine nitrogen is practically negligible. The existence of such an 
agreement is shown from the following table ; — 



twenty-six proteins given in this table contain an 
which the nitrogen does not fall below 90 nor above 
hat precipitated by phosphotungstic acid. Three 
V differences which are relatively great though ab- 
t as they contain very little base these differences 
caused by unavoidable errors of analysis ; for the 
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phosphotungstates of the bases are somewhat soluble, and, therefore, 
when the amount of base is small the nitrogen precipitated by this 
acid is less than that actually contained in them. On the other hand, 
the bulky precipitate of the phosphotungstates, which is obtained when 
the amount of base is large, carries with it some of the mono-amino- 
acids, thereby compensating the error caused by solubility. The six 
remaining proteins yield a quantity of bases containing an amount of 
nitrogen less than that precipitated by phosphotungstic acid by a little 
more than lo per cent, of the latter. Two of these, namely, phaseolin 
and legumelin from the pea, yield more bases when hydrolysed for 
twenty-four hours than when hydrolysed for twelve hours, hence this 
difference may possibly be due to an incomplete hydrolysis even after 
this longer time of boiling. 

It is evident from the figures given in the table that in most 
cases the agreement between the nitrogen in arginine, histidine and 
lysine and that precipitated by phosphotungstic acid is so clo.se that 
Hausmann’s method can be employed for controlling the results of 
determinations of the bases by the method of Kossel, Kutscher 
and Patten [1900, 1903]; for where a wide difference between the 
nitrogen obtained by these two methods is found the accuracy of 
the direct determination of the bases should be established by careful 
repetition. 

The accuracy of the determinations of the individual bases, that is, 
the completeness with which they can be separated from one another, 
as well as from other substances, is shown by the evident purity of the 
products obtained in the course of analysis. The arginine copper 
nitrate double salt separates completely from its solution on slow 
evaporation, leaving no trace of any other substance in the final liquid. 
The histidine solutions readily yield pure histidine dichloride, and the 
character of the crystallisation of the lysine picrate, in which form this 
substance is weighed, is such as to leave no doubt of its purity, which 
can, moreover, be further established by analysis of the product in 
the form in which it is actually weighed. The agreement between 
duplicate determinations of the several bases made on one and the 
same protein is further evidence of their accuracy. 

In regard to the constancy of the determination of the ammonia 
nitrogen the following results serve to illustrate how* closely repeated 
determinations by different analysts using different preparations may 
be expected to agree, , (Gf. Osborne, Leavenworth, and Brautlecht 
[1908J.) 
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Nitrogen as Ammonia in per cent, of the Protein. 


Gliadin 
Plordein . 

Zein 

Edestin 

Globulin, squash-seed 
Glycinin . 

Vignin 

Globulin, cotton-seed 
Legumin, pea . 

Vicilin, pea 

Vitellin, hen’s egg yoke 
Conalbumin, hen’s egg 


4-40,2 4-44,2 4-35, 4.30, 4*33, 4-33, 4-30.1 

4-10,2 4-01.1 


2-99,- 2-97.^ 

1-83,2 1-86, 1-88,1 1-93,1 

1- 35,2 r-28.1 

2- 14,2 2 -II .1 

i-8g, 1-86, 1-91,1 i‘82. 
1-94, 1-96, 1-92.1 

1-68, 1-68.1 

1-64, 1-78, 1-60.1 
1-24, I-2g, 1-28,1 x’2^.' 
I-I 3 , I-2X.1 


1-86, I -8 1, i-8o, 1-87. 


1 Figures given in preceding table. 

2 Distilled in vacuo at 40°. 


Is the Nitrogen Yielded as Ammonia Amide Nitrogen ? 

As the amino-acids which result from protein hydrolysis yield 
scarcely more than traces of ammonia by long boiling with strong 
hydrochloric acid, practically all of the ammonia must arise from some 
other form of binding of the nitrogen in the protein molecule. That 
this nitrogen may be in amide union seems probable from the follow- 
ing experiments in which five portions of gliadin, each weighing I 
gramme, were dissolved in 50 c.c. of 20 per cent hydrochloric acid, 
and the solutions boiled for the times indicated in the following 
table : — 

Boiled for 30 min., nitrogen as NHj = 4-30 per cent. 

Boiled for i hour, nitrogen as NHj = 4-35 per cent. 

Boiled for 2 hours, nitrogen as NHg = 4-33 per cent. 

Boiled for 3 hours, nitrogen as NHg = 4-33 per cent. 

Boiled for 4 hours, nitrogen as NHg = 4-33 per cent. 

Boiled for 6 hours, nitrogen as NH, = 4*40 per cent. 

When treated with strong hydrochloric acid at 20° for two hours, 
only 0‘22 per cent, of nitrogen as ammonia was obtained, while after 
seventeen hours at the same temperature 1*67 per cent, was found. 
Under similar conditions after seventeen hours at 20“ asparagine yielded 
1-4 per cent, of nitrogen as ammonia, and one-half of its nitrogen 
after boiling for thirty -minutes. 

These results were later confirmed by Thierfelder and von Cramm 
[1919] who further showed that synthetic amides of dipeptides yielded 
animonia in the same way as did gliadin under similar conditions of 
hydrolysis. 

Further evidence that the ammonia results from the hydrolysis of 
amide groups, CONHg, with the formation of a corresponding amount 
of carboxyl groups, COOH, was obtained by Osborne and Nolan [1920] 
who found that the acidity of the products of hydrolysis of gliadin was 
increased in proportion to the ammonia set free. There is little reason 
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to doubt that the nitrogen yielded by proteins as ammonia is actually 
in amide combination with one of the carboxyl groups of the dibasic 
amino-acids. 

Ratio of Ammonia to Glutaminic and Aspartic Acids. 

The work of Emil Fischer has made it almost if not quite certain 
that the amino-acids are united in the protein molecule in peptide 
union; that is by the union of the NHj group of one amino-acid with 
the carboxyl group of another ; thus 
CHg— CH— COOH 

I 

NH NHj 

I ' 

CO— CH— CHs— COOH 

which represents a peptide of alanine and aspartic acid. The dibasic 
acids would therefore afford carboxyl groups with which nitrogen 
might unite in amide union, as shown by the following formula, 
which represents the amide of the peptide just mentioned ; — 

CHg— CH— COOH 
NHa 

• io— ( 1 h— CH j— CONHj 

A relation may consequently exist between the quantity of amide 
nitrogen which the different proteins yield and their content in glu- 
taminic and aspartic acid. Osborne and Gilbert [1906] showed that 
a large proportion of glutaminic acid is in many cases accompanied 
by a similar large proportion of amide nitrogen. .Osborne, Leaven- 
worth and Brautlecht [1908] showed that the amount of ammonia 
yielded by hydrolysis with, acids agreed so closely with that required 
for amide union with the sum’ of the glutaminic and aspartic acids found 
in a large number of proteins of both vegetable and animal origin 
as to make it highly probable that practically all of the ammonia 
originated from such a combination and that one of the carboxyl 
groups of. each- molecule of the dibasic acids was thus united with a 
NHg group. Later determinations made by Foreman^ of glutaminic 
acid in casein have shown that this protein yields a larger proportion 
of this amino-acid than had been previously obtained and the still later 
discovery of-Dakin " that casein. also yields a notable quantity of oxy- 
glutaniinic acid has made it improbable that this relationship to the 

Foreman, F. W. , 4 Preparing Esters of Amino-Acids : Composiiion 

pf Caseindgen. BiocKein. J., igig, 13, 378-3197.^^-^^ - V 

. ® paldn,_H. D. igi8, . 12, 290-317. 
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dibasic acids is as strictly quantitative as previously supposed. Never- 
theless we have reason to believe that, apart from insignificant quan- 
tities which result from secondary decomposition, the ammonia is present 
in amide union in tjie protein molecule. The amount of glutaminic 
and aspartic acids yielded by all proteins thus far examined is sufficient 
to afford the carboxyl groups needed for such a combination without 
taking into i consideration any oxyglutaminic acid which these may also 
yield. In the case of such vegetable proteins as gliadin or hordein, 
which yield nearly 50 per cent, of glutaminic and aspartic acids, it 
is difficult to imagine that a relatively large proportion of carboxyl 
groups are not united with nitrogen as in amides. 

Bergell and Feigl ^ have suggested that the dibasic acids may be 
present as a diamide R — CO — NH — CO — R which they have shown 
to be stable in acid solutions but to yield ammonia on boiling with 
alkalis. Since the excess of ammonia yielded by distilling proteins 
with alkali over that yielded by boiling with acids is so nearly equal 
to one-half of their arginine nitrogen we have as yet no reason to 
believe that any of them contain a diamide grouping. 

Andersen and Roed-Miiller ^ have suggested the possibility that a 
part of the nitrogen may exist in the uramino binding 

R 

cIh— NH— CO— NH o 
COOH 

They base this theory on an observation by Lippich ^ that proteins 
yield more carbon dioxide on alkaline hydrolysis thari on acid 
hydrolysis ; the difference being greater than can be accounted for by 
the amount of arginine contained in them. They show that there is 
no evidence contrary to this theory of uramino acid bindings in a 
protein but admit that the only satisfactory proof that such actually 
exists would be the isolation of substances containing such linkages. 
This has not yet been accomplished. 

Nitrogen Converted into Ammonia by Alkaline Hydrolysis. 

Among the known decomposition products of proteins cystine 
and arginine are notably unstable in alkaline solutions. According 

^Bergdl, P., and Feigl, J. Uelerneue Verhitidungen von Aminosdurm und Ammoniak, 
II. Mitteilung. Zeit. Physiol. Chem., igoS, 54., 258-2S7. 

® Andersen, A. C., and Rosd-Muller, R. Zur Kmntnis der Eiwetsshdrper : II. Uher die 
Bindung des Aminoniaks.in den EiweissMrp^n. Biochem. Zeit., 19x5, 70, 442-463. 

® Lippich, F. tlber analyiische Anweiidungen der Uramidosaurereakiion. Zeit. 
physiol. Chem., 1914, 90, 124-144. . 
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to Onslow^ tryptophan is comparatively stable in hot baryta solution 
when in the presence of other products of protein hydrolysis but is 
easily decomposed when alone. In boiling lo per cent, solutions of 
sodium hydroxide to which some copper sulphate was added Herzfeld 
[I9I3> i] states that tryptophan is largely decomposed. 

Experiments by Osborne, Leavenworth and Brautlecht [1908] 
show how some vegetable proteins behave when subjected to alkaline 
hydrolysis. One gramme, air dry, of each of the proteins given in 
the table below was distilled with 300 c.c. of decinormal sodium 
hydroxide solution, and when 200 c.c. had distilled over, the distillate 
was titrated. The residual solution was then made up to 300 c.c. 
with decinormal sodium hydroxide solution and the distillation 
repeated. The solution was then again made up to 300 c.c. wdth 
water and again distilled, the process being repeated until practically 
no more ammonia came over. The results obtained are given in the 
following table : — 


Distillation. 

Gliadin, 
Wheat, 
o‘ 9I98 gm. 

Mgr. N. 

X 

27 "2 

2 

X 2*0 

3 

1-6 

4 

3-6 

5 

0*4 

6 

— 

7 

— 

S 

— 

'9 

— 

xo 

— 

XX 

— 

X 3 . . . 

— 

13 

— 

14 

— 

15 

— 

Total .... 

43’8 

Per cent, of dry and ash-free 


protein .... 

4-76 


Legumin, 

pea, 

0-8979 gm. 



371 I 4-04 ! 3-39 j 3-39 


•69 — 

•88 — 


15-4 

ix-4 

5*2 

4-5 

3-0 

3’5 

1*2 

2*4 

x'6 

1’4 

o’8 

x-8 

X'O 

1*6 

X'O 

x-6 

0’6 

x-6 

0*4 

i'6 

0-8 

1-6 

0-4 

0-8 

— 

0-4 


0-9 


O’O 

3i'4 

35'i 

3 '39 




Gliadin, which contains much amide nitrogen and but little argi- 
nine nitrogen, and excelsin, which contains little amide nitrogen and 

1 Onslow, H. On the Stahiliiy of Tryptophan in Baryta Hydrolysis. Biochem. T., 

1921, 15, 383-391- 
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very much arginine nitrogen, both gave results in close agreement 
with the calculation, while legumin and vicilin yielded slightly more 
nitrogen by alkaline hydrolysis than that calculated. 

Most of the nitrogen came over in the first two distillations, 
corresponding to the ease with which amide nitrogen is converted 
into ammonia by caustic alkalis. The nitrogen subsequently coming 
off as ammonia was evolved slowly in much the same way as from 
arginine, although a little more quickly. The close agreement 
between the results thus obtained and those calculated shows that 
these proteins contain little nitrogen which can be thus converted into 
ammonia except the amide and one-half the arginine nitrogen. 

E. The Rate of Hydrolysis of Proteins. 

The only comprehensive study of the rate of hydrolysis of plant 
proteins by means of enzymes is that of Frankel [1916], while the 
rate of hydrolysis of wheat gliadin by means of acids and alkalis has 
been studied by Vickery [1922]. 

Frankel subjected pure preparations of edestin, amandin, conglutin, 
legumelin, phaseolin and the globulins from cotton seed, soy-bean, 
and squash seed, to the successive action of pepsin, trypsin and of 
erepsin. Phaseolin, conglutin and edestin were also treated directly 
with alkaline trypsin, followed by erepsin, and with acid pepsin 
followed by alkaline erepsin. The results of his studies are shown 
by Figs. 6 and 7, in which the extent of the hydrolysis is expressed as 
the ratio of the amount of amino nitrogen found at successive periods 
to the amount found when a sample of the protein was hydrolysed 
with 20 per cent, hydrochloric acid for twenty-four hours. Pepsin 
hydrolysed from 9 to 1 1 per cent, of the peptide bonds during the 
first three hours. The rate of hydrolysis subsequently became much 
slower, reaching 15 to 20 per cent, in 100 hours; during subsequent 
periods of 300 hours the maximum attained was only 21 to 24 per 
cent. 

Trypsin likewise effected a very rapid hydrolysis during the first 
few hours but the rate diminished rapidly when approximately 60 per 
cent, of the bonds were broken. Prolonged digestion with this 
enzyme acting upon a substrate previously digested with pepsin only 
effected hydrolysis of approximately 70 per cent, of the peptide bonds. 
Trypsin acting directly upon alkaline solutions of native proteins 
hydrolysed from 30 to 40 per cent, of the peptide bonds within twelve 
hours (Fig. 8 and 9) but.only effected,hydrolysis of from 50 to 60 per 
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cent, during the longest periods studied even when fresh enzyme 
solution was added to the digest. 




Fig. 7. - 

(Reproduced by kind Ipermission from J. Biol. -Chem.V:i9i6, 26, 50.) 


Erepsin actmg oh substr^es previously digested with pepsin and 
^ trypsin brought the hydrolysis up; t6 85 to 90 per cent of completion. 
The rate of hydrolysis -:uhder;^thes^ ;condi^^^ was relatively 'slow 
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compared with the very rapid initial rate when eiepti* ^ 
followed a previous digestion with pepsin and the tola. 



Fig. 8 . 

(Reproduced by kind permission from J. Biol. Chum., 26, A'* 1 



Fig. 9. 

(Reproduced by kind permission from J. Biol. Chem., 19*6, jj.j 

thus effected reached nearly if not quite the same level 
obtained when the three enzymes acted successively (Figs, it a,*, I 
Although ammonia has long been recognised as a prrxiuri of ij^ 
hydrolysis of proteins and probably originate.s for the most part Utm 

6 
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acid amide groupings in the protein molecule, practically no study has 
been made of the rate at which the ammonia is liberated from the 
proteins by the action either of enzymes, acids or alkalis. Vickery 
has investigated the rate at which ammonia is set free from gliadin as 
well as the rate at which the peptide bonds were broken by various 
concentrations of acids or alkalis. It was found that even 0-027 N 
hydrochloric acid set over half of the available amide nitrogen free on 
boiling for twenty-four hours. During hydrolysis with such very dilute 
acid the hydrogen ion concentration diminished as amide nitrogen was 
converted into ammonia. It is thus evident that the acidity due to 



Fig. 10. 

(Reproduced by kind permission from J. Biol. Chem., 1922, 53, 508.) 


carboxyl groups set free is less than that of the equivalent quantity of 
hydrochloric acid. Higher concentrations of acid liberated all of the 
ammonia at a rate depending on the concentration of acid. The 
results of this work are clearly shown in Fig. 10. It seems highly 
probable in view of the experience of Van Slyke [1912] and of 
Gortner and Holm ^ that a small proportion of the ammonia obtained 
on prolonged acid hydrolysis of proteins has its origin in deamination. 
Vickery found 25-0 per cent of the nitrogen of gliadin as ammonia 
when the protein was boiled forty hours with 0-5 N hydrochloric acid 
and 25-6 per cent, when boiled for the same time with 20 per cent. 

^ Gortner, R. A., and G. E. Holm. The Effect of Prolonged Acid Hydrolysis upon the 
Nitrogen Distribution of Fibrin with Especial Reference to the Ammonia Frcution. J. Amer. 
Chem. Soc., 1917. 39 . 2736-2745- 
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hydrochloric acid. This effect probably furnishes an explanation of 
the fact that all the curves of Fig. 6 do not reach the same maximum 
within the limits of the diagram, as well as the discrepancy just noted. 

The results obtained when gliadin is boiled with 0‘2 N sodium 
hydroxide [curve A, Fig. iij show three distinct phases of the 
reaction. The decomposition of the amide groupings takes place very 
rapidly and is practically complete within two hours. Ammonia is 
then evolved at a slower but quite uniform rate for several hours, 
doubtless representing decomposition of arginine. Finally, a point is 
reached at which only traces of ammonia are set free. This phase 



Fig. II. 

(Reproduced by kind permission from J. Biol. Chem., 1922, 53, 509.) 


probably represents other secondary decompositions. These three 
reactions run side by side from the beginning but as their rates are 
different each becomes in turn evident upon the curve. It is of interest 
to note that 0'2 N barium hydroxide effects hydrolysis of amide 
nitrogen more rapidly than does 0'2 N sodium hydroxide but causes 
less rapid secondary decomposition. 

The rate at which the peptide bonds of gliadin are hydrolysed by 
acids of any concentration presents marked contrasts to those which 
Frankel observed with enzymes. Only with normal or stronger acids 
are the rates higher than reported by Frankel for the action of erepsin 
or trypsin on protein previously treated with pepsin. With the 

6 * 
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stronger acids the initial rate of hydrolysis is very rapid but, when 
about three-quarters of the peptide bonds have been split, the rate is 
markedly slower and, except with 20 per cent hydrochloric acid, 



Fig. 18 . 

(Reproduced by kind permission from J. Biol. Chem., I988, 33, 509.) 



Fig. 13. 

(Reproduced by kind permission from J. Biol. Chem., 1922, 53, 310.) 










PRODUCTS OF HYDROLYSIS 


85 


prolonged boiling is necessary to effect complete hydrolysis. With 
20 per cent, acid, however, Fig. 12 shows that hydrolysis is practically 
complete within twenty to twenty-four hours. 

The initial rate at which the peptide bonds of gliadin are split by 
alkalis is more rapid than that caused by acids of equivalent con- 
centration, but subsequently becomes approximately the same. A 
surprising feature of the curves shown in Fig. 13 is that barium 
hydroxide hydrolyses the peptide union at a much more rapid rate than 
does sodium hydroxide of equivalent concentration. No explanation 
of this observation is at present forthcoming. 

F. The. Undetermined Nitrogen of Protein Hydrolysis. 

The nitrogen of the protein, other than the amide and the basic 
nitrogen, largely exists, so far as is now known, in the form of peptides 
of a-amino-acids. It is not probable that all of the decomposition 
products of the proteins are yet known, for attempts to determine the 
amount of each of the known substances has in no case given a result 
which did not fall far short of the total of the protein. A considerable 
part of this deficit is doubtless made up of the known substances that are 
determined, for losses necessarily occur in the processes of isolating and 
separating them [cf. Osborne and Heyl, 1908, i ; Osborne and Jones, 
1910, 2]. This loss, however, probably does not account for all of the 
unknown residue, even assuming the presence of oxyglutaminic acid 
recently discovered by Dakin. If it is assumed that the amino-acids that 
are found in a well-conducted analysis of the decomposition products of a 
protein are united in the molecule with the elimination of water, and 
that the dibasic acids are united to an amide group which replaces one 
hydroxyl, and the sum of the percentages of these radicals is subtracted 
from 100, the percentages of the unknown residue can be approximately 
estimated. If the nitrogen unaccounted for in the same analysis is 
calculated as per cent, of this unknown residue, it is found that in the 
case of gliadin this unknown part contains 13 ’3, in excelsin 14*0, and 
in legumin 14 ‘3 per cent, of nitrogen. Among the known mono- 
amino-acids yielded by proteins this percentage of nitrogen is equalled 
only by glycocoll, alanine, tryptophan, and serine, even if the calculation 
is made for the radicals in polypeptide union, that is, after subtracting 
one molecule of water from their molecular weights. In making this 
calculation no account is taken of the fact that the amount of the 
amino-acids isolated in a condition fit for weighing is distinctly less 
than the quantities actually yielded by hydrolysis. As this loss falls 
mostly on substances which contain less than 1 3 per cent, of nitrogen, 
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the actual proportion of nitrogen in the unknown residue of the protein 
must be even higher than that indicated by the above calculation. As 
it is improbable that this unknown residue is wholly made up of un- 
determined quantities of the four amino-acids above mentioned, it is 
fair to presume that the proteins contain a considerable amount of 
some still unknown substance or substances relatively rich in nitrogen 
[cf. Emil Fischer ^]. 

G. Sulphur in Vegetable Proteins. 

It has been demonstrated that many proteins yield cystine on 
hydrolysis, and the probability has become great that much, if not all, 
of the sulphur of some of them is cystine sulphur. The fact that 
cystine is a constituent of the protein shows that there must be at 
least two atoms of sulphur in their molecules. 

With the exception of one or two unsatisfactory observations, no 
proteins have been described which contain no sulphur whatever. Only 
one carefully studied vegetable protein has yet been obtained which 
contains so small a proportion of sulphur as to make the existence of 
sulphur-free protein in any way probable. This protein is vicilin, 
obtained from several leguminous seeds, some preparations of which 
have been found to contain as little as OT per cent, of sulphur. The 
sulphur content of various preparations of vicilin, which were obtained 
by Osborne and Campbell [1898 1,2, 3, 4], by fractional precipitation, 
fell between 0*2 and O'l per cent. The accuracy of the determinations 
in these different fractions was established by repeated closely agreeing 
determinations, and there can be no doubt that differences in the sul- 
phur content of these fractions actually existed. In view of this vari- 
able content in sulphur and of its very small total amount, it is possible 
that these preparations of vicilin were mixtures of different proportions 
of sulphur-free and sulphur-containing proteins. In no other case has 
better evidence of the possible existence of sulphur-free protein yet 
been obtained. 

Numerous attempts have been made to establish a definite ratio 
between the sulphur which can be split off as sulphide by boiling with 
alkalis and the total sulphur of the protein. In every case the amount 
of sulphide sulphur thus obtained was less than the total sulphur, and 
it was for a long time assumed that this fact showed the presence of 
two different forms of sulphur in the protein molecule. Experiments 
with cystine show that not more than two-thirds of the sulphur which 
this substance contains can be converted into sulphide by boiling with 

^ Fischer, E. Die Chemie der Proteine und ihre Beziehungen zur Biologie. Sitzungsber. 
dei koniglich preussischen Akademie der Wissenschaften, 1907, 35-56. 
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alkali, and that, unless special care is taken, the proportion obtained 
is but little more than one-half. Therefore, unless the proportion of 
sulphide sulphur is decidedly less than that yielded by cystine, the fact 
that only a part of the protein sulphur can be converted into sulphide 
is not necessarily evidence of the existence of two forms of sulphur in 
the protein molecule. 

Determinations of the total sulphur in a number of vegetable pro- 
teins have led to constant results, so there is no doubt that these 
proteins contained definite quantities of sulphur. Determinations, by 
Schulz’ method, of the sulphur of different seed proteins, converted 
into sulphide by heating with caustic soda, likewise yielded uniform 
results which* are given in the following table, together with similar 
■ results obtained with some animal proteins which are introduced for 
comparison : — 

Ratio of Sulphide Sulphur to Total Sulphur. 



Total 

Sulphur. 


Sulphide 

Sulphur. 


I Per cent, of total 
! Sulphur as Sulphide. 


I Seralbumin 
j Oxyhsemoglobin, dog. 

• Serglobulin, horse 
I Gliadin . . . . 

. Conglutin, blue lupine-f jj ’ 

i f I- 

i Conglutin, yellow lupine-j II. 

I Oxyhsemoglobin, horse 
: Vignin . . . . 

j Amandin . . . . 

Globin .... 

: Glycinin .... 
Vicilin .... 
Legumin .... 
Edestin .... 

Zein 

Ovovitellin 

i Fibrin .... 

I Excelsin .... 

Ovalbumin 
I Phaseolin 

! Casein .... 



0*312 
o*8oo ’ 


66 \ 


59 


57 


60 


66 


66 


65 


58 


64.^ 


50' 


50 


50 


48 

■i 

46 

46 


41 


40. 


35 ] 


34 


34 

k 

32 


30 J 


23 i 

13 



^ Schulz, F. N, Die Bindungsweise ,des Schiaefels im Eiweiss. Zeit. physiol. Chem. , 
1898, 25, 16-35. . , . 

® Jaquet, A. Beitfage zur Kenntniss des Blutfarbsfoffes. Zeit. physiol. Chem., i8go, 
14, 289-296. 

® Hammarsten, O. XJeher das Fibrinogen, PllQger's .Archiv, 1880, 22, 431-502. 
^Zinoffsky, O. Ueber die Grosse des Hdmoglobinmoleculs. Zeit. physiol. Chem., 
1886, 10, 16-34. , . „„„ 

® Eriiger, A. Ueber den Schwefel der Eiweissstoffe. Pfluger’s .Archiv, 1888, 43, 
244-264. 

® Chittenden, R. H., and H. M. Painter. Casein and its Primary Cleavage Products. 
Studies from the Laboratory of Physiological Chemistry of Yale University, 1885- 18S6, 2, 
156-199. 

7 Hammarsten, O. Zur Frage, ob das Casein ein einheitlicher Staff sei. Zeit. physiol. 
Chem., 1882, 7, 227-273. 
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If we assume that the proteins given in the following table contain 
cystine, and that the amount of sulphide sulphur obtained from them 
by Schulz’ method is equal to only two-thirds of the sulphur actually 
present in this cystine, we find that the proportion of the total sulphur 
still unaccounted for is greater than any probable error involved in the 
analyses by quantities so considerable that we are forced to conclude 
that many of these proteins contain sulphur in some complex other 
than cystine. 


i 

1 

i 

I 

! 

■ 

Tocal Sulphur, 
per cent, of the 
Protein. 

Cystine Sulphur 
calculated, 
per cent, of the 
Protein. 

Diiference unaccounted for 

Per cent, of the 
Protein. 

Per cent, 
of the 
total 
Sulphur. 

! 

j Oxyhsemoglobin, horse 



0*380 

0*285 

0*100 

26 

I Vignin 



0*426 

0*321 

0*105 

24 

Amandin . 



0*429 

0*326 

0*103 

24 

Globin 



0-420 

0*300 

0*120 

29 

Glycinin . 



0*710 

0*480 

0*230 

32 

Vicilin 



0*200 

0*138 

0*062 

3 X 

Legumin . 



0*385 

0*248 

0*137 

36 

Edestin 



0*880 

0*519 

0*361 

41 

2ein 



o*6oo 

0-318 

0*282 


Vitellin, hen’s ege-yolk 



1*028 

0*522 

0*506 

'la 

Fibrin 



1*100 

0*570 

0*530 

48 

Excelsin . 



1*086 

0-525 

0*561 

51 

Ovalbumin 



1*616 

0*737 

0*879 

54 

Phaseolin . 



0*312 

0*108 

0*204 

65 

Casein 



o*8oo 

0*150 

0*650 
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In connection with sulphur in vegetable proteins, attention should 
be called to the unique protein which Kotakeand Knoop [1911] found 
in the latex of Antiaris toxicaria. This was obtained in crystals 
giving all of the colour reactions of proteins, and contained 7 '2 per 
cent, of sulphur. After hydrolysis cystine equal to I0'6 per cent, of 
the diy protein was isolated in a state of purity, a quantity far greater 
than has heretofore been obtained from any known protein. 



CHAPTER X. 


THE PROTEINS OF GREEN PLANTS. 

Various plants contribute large amounts of protein to the ration of 
farm animals but practically nothing is known of the chemistry of 
these proteins, even their proportion not yet being established. It is 
true that the agricultural chemist states the percentages of protein in 
green fodders, but his analyses are made by indirect methods founded 
on assumptions unsupported by satisfactory evidence. A serious gap 
therefore exists in our current knowledge of the chemistry of nutrition 
which makes it impossible to apply to the practical problems of feeding 
on the farm what has been learned of the nutritive value of the proteins 
of seeds as well as of the protein concentrates. 

Our present meagre knowledge of the protein constituents of living 
plants is chiefly due to the difficulties encountered in separating the 
contents of the cells from their enveloping walls. Attempts to grind 
the fresh leaf and extract the contents of the cells with water result in 
mixtures that cannot be filter«d clear, and consequently appear to 
present no opportunity to obtain the protein in a stafe fit for chemical 
examination. Extracting dried leaves with water yields solutions 
containing only a part of the total nitrogen, and most of this soluble 
nitrogen does not belong to protein. Such solvents as are usually 
used for extracting proteins from animal tissues, or from seeds, fail to 
dissolve much of the residual nitrogen. 

In consequence of these facts little chemical evidence has been 
obtained of the nature of the compounds containing a large proportion 
of the nitrogen in any plant. 

Uno [1902] stated the percentage of protein obtained by coagu- 
lating the expressed juices of the leaves, flowers, roots and stems of 
many species of plants, but, as he gives no evidence of the amount 
or nature of the protein in this coagulum, his work contributes little to 
our knowledge of this subject. 

The first serious attempt to isolate the protein in quantity from 
leaves was made almost: simultaneously by Osborne and Wakeman 
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[1920] who used spinach leaves, and by Chibnall and Schryver [1921^ 
who worked with cabbage. 

Osborne and Wakeman found that by grinding the fresh leaves in 
suitable mills and centrifuging at high speed opaque green solutions 
could be obtained which were free from all suspended particles except 
those of extremely small size visible only under the higher powers of 
the microscope. By adding about 20 per cent, of alcohol to these 
solutions, which contained the greater part of the protoplasm of the 
cells of the leaves together with the contents of the vacuoles, a volumin- 
ous precipitate separated which consisted of protein together with 
a considerable quantity of other substances previously in colloidal 
solution. 

Chibnall and Schr37ver found that by treating the ground leaves with 
water saturated with ether (employed as a cytolytic agent) opalescent 
colloidal solutions were obtained from which flocculation of the colloid 
takes place, either on standing at 20°, or more rapidly on warming 
to 40°. Subsequently Osborne, Wakeman and Leavenworth [1921] 
showed that, by grinding and pressing fresh young alfalfa plants, it is 
possible to obtain large quantities of the undiluted juice free from 
chlorophyll and all suspended particles. This juice is a yellow brown 
colloidal solution, transparent in thin layers by transmitted light, but 
opaque and almost black by reflected light. On the addition of about 
20 per cent, of alcohol a voluminous precipitate forms which contains 
nearly all of the protein and other colloids in the juice. This precipi- 
tate, which when washed and dried at 1 07“ contains about 1 1 per cent, 
of nitrogen and 1 2 per cent, of ash, is a mixture of protein, calcium 
salts of both phosphoric and organic acids and also of colouring sub- 
stances, possibly related to the flavones. When treated in the moist 
state with 75 per cent alcohol containing O'l per cent, hydrochloric 
acid, about one-fourth dissolves, none of which is protein, but most of 
which is calcium, phosphoric acid and organic substances. About four- 
fifths of the nearly nitrogen-free solids thus dissolved are precipitated 
by neutralising, nearly 90 per cent, being inorganic. 

Dilute aqueous hydrochloric acid likewise dissolves none of the 
protein, notwithstanding the fact that this is thereby converted into 
a hydrochloride containing about 3-5 per cent, of hydrochloric acid. 
Subsequent extraction with boiling absolute alcohol removes a notable 
quantity of a very dark red-brown colouring matter which is readily 
soluble in absolute alcohol. When the solution of this colouring 
matter is poured into distilled water a colloidal solution results which 
does not settle out over night, but separates at once on adding a small 
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amount of hydrochloric add and sodium chloride. The residue after 
thus extracting with aqueous hydrochloric acid, ether and alcohol con- 
tains 0*62 per cent, of ash and the ash-free substance 14-6 per cent, of 
nitrogen, of which 6-6 per cent, is converted into ammonia by hydro- 
lysing with hydrochloric acid. It also contains 0'83 per cent, of phos- 
phorus and 0-95 per cent, of sulphur. When the above moist residue 
is suspended in water it settles very slowly and incompletely, but 
separates immediately as a coarse flocculent precipitate when dilute 
sodium hydroxide solution is carefully added to the isoelectric point. 
The clear filtrate from this precipitate contains sodium chloride equal 
to the sodium hydroxide added, and equivalent to 3-5 per cent, of 
hydrochloric acid in the solids thus treated. Deducting this combined 
acid the residue contains nitrogen equal to I5'l per cent. These 
solids, consequently, consist chiefly of protein hydrochloride. 

When this is suspended in water at the room temperature none is 
dissolved, as shown by the absence of a biuret reaction in the filtered 
solution. At temperatures approaching 100°, however, it is converted 
into a clear yellow jelly which does not pass into a true solution, even 
after long heating. After cooling, the addition of an excess of hydro- 
chloric acid, or of sodium chloride, converts this jelly into a coarse 
flocculent precipitate resembling an ordinary protein coagulum, such 
as is commonly produced by heating. This settles rapidly, leaving 
the solution clear. A little colouring matter is thus removed, as 
shown by the strong yellow colour of the filtered solution when made 
alkaline. An excess of sodium hydroxide above that required to 
neutralise the combined acid produces a viscid, deep yellow colloidal 
solution which is very difficult to filter even when highly diluted, and 
though appearing almost clear is quite opaque in a beam of sunlight. 
The precipitate produced by acidifying contains the same percentage 
of nitrogen as that of the substance from which it was derived. 

The behaviour of this product towards acids and alkalis is so un- 
like that of most native proteins as to suggest that it is a combination 
of protein with some as yet unidentified complex. This view is sup- 
ported by the fact that, like the corresponding product from the 
spinach leaf, when it is boiled with 60 per cent, alcohol containing 0*3 
per cent, sodium hydroxide the combination is apparently hydrolysed, 
since after the protein is precipitated with acid its nitrogen content is 
raised to 16-3 per cent. As this precipitate is then readily soluble in 
an excess of either acid or alkali and the solution from which it 
separates contains a notable quantity of colouring matter, it is possible 
that the protein in the original colloid precipitate is combined with 
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the coloured complex. It is likewise probable that the protein moic 
suffers from the action of the hot alkali and that some of its amit 
nitrogen is converted into ammonia. This decomposition, howeve 
is not so great as one would expect since the percentage of the tot 
nitrogen converted into ammonia by complete hydrolysis with ack 
is reduced by this treatment only from 6 ‘6 to 5-9 per cent. TI 
fact that only 10-3 per cent, of the total nitrogen of the original pn 
duct is found in the filtrate from the precipitate produced by acidifyin 
the hot alkaline alcohol solution is further evidence that the protei 
moiety of this product is not hydrolysed by the hot alkali to any gree 
extent. 

The alfalfa protein thus prepared gives the following results o 
analysis : — 


Ammonia nitrogen . 


Protein, 
per cent. 

o ‘96 

Nitrogen, 
per cent. 

5*86 

Humin „ 

• • 

0'6o 

3*67 

Basic ,, 

• 

. 376 

22*98 

Non-basic ,, 

. 

. 11*04 

67*49 

Total nitrogen 

. 

■ 

100*00 

Tyrosine 

Histidine 

Protein. 

per cent, 

• 3'I9 

. . 3-56 (containing N 

per cent. 

= 0*69) 

Arginine 

• rii ( 

3i 99 

= 2*29) 

Lysine . . 

• 3'34 ( 

fl 99 

= 0-64) 

Total nitrogen 

. 

- 

3*62 


The results of this investigation of the alfalfa juice show that the 
colloid precipitate produced by adding 20 per cent, of alcohol consists 
chiefly of three groups of substances, each having pronounced colloidal 
character, namely, calcium phosphates, colouring matters, and protein, 
the latter probably combined with a coloured complex and conse- 
quently belonging to the group of conjugated proteins. 

The filtrate from the colloid precipitate contains much nitrogen 
but very little protein, probably less than i per cent, of the solids of 
the plant. Some of this protein can be coagulated by heating the 
acidified solution, but more of it has the properties characteristic of 
proteoses. Neither of these protein fractions have been studied. 

After removing the water-soluble constituents of the alfalfa 6-4 
per cent, of its solids and 2 per cent, of its nitrogen are dissolved by 
extracting with strong alcohol. This extract contains no protein but 
all of the chlorophyll together with other substances, the nature of 
which has not yet been learned. 

The plant residue which remains after the above extractions with 
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water and alcohol contains more than half of the nitrogen of the 
plant. 

About 14 per cent, of this residual nitrogen can be extracted by 
dilute aqueous solutions of sodium hydroxide at room temperature, but 
only a part of this separates on acidif5dng. This precipitate contains 
both protein and pentosans. By boiling the plant residue with 60 
per cent, alcohol containing 0'3 per cent, sodium hydroxide most of 
the remaining nitrogen can be extracted, leaving a residue of plant fibre 
equal to 32 per cent, of the original dry solids of the alfalfa but 
containing only 5 ’6 per cent, of its nitrogen. 

The cautious addition of acid to the alkaline alcohol extract 
precipitates protein containing 60 per cent, of the dissolved nitrogen. 
Some, if not all, of the remaining 40 per cent, of the nitrogen may 
have been derived from the same protein as that yielding the 
precipitate, its solubility being due to hydrolytic changes caused by 
the hot alkali. 

This protein remaining in the residue after extraction with water 
and alcohol behaves much like that found in the colloid which is 
precipitated by alcohol from the juices of the plant. That it too may 
be combined with the flavone-like pigment is indicated by the liberation 
of a relatively large proportion of the latter simultaneously with the 
protein when the plant residue is heated with alkaline alcohol. 

Whether the colloid precipitate produced by adding alcohol to the 
expressed juice of the alfalfa plant is to be considered as a constituent 
of the contents of the vacuole and sap or simply as a part of the 
protoplasm which has been dispersed in these fluids by grinding in the 
mill, cannot be decided from such data as we now have. Evidence 
that the latter supposition may prove true is given by experiments 
recently made by Chibnall [1923] in the author s laboratory. Spinach 
leaf cells were plasmolysed by means of ether, and pressed out in the 
hydraulic press. The pressed residues were then allowed to imbibe 
water and subsequently pressed. This operation does not rupture the 
leaf cells and yields a brown juice which has a slight Tyndall effect. 
On adding about 30 per cent, of alcohol a white precipitate separates 
containing 32 per cent, of ash and only 2*4 per cent, of nitrogen, in 
contrast with over 10 per cent, found in the colloidal precipitates 
derived from either spinach or alfalfa leaves by the method previously 
described. After distilling out the alcohol at a low temperature, the 
filtrate gives a coagulum on boiling which contains about 14*5 per 
cent, of nitrogen equal to about i -5 per cent, of the total leaf nitrogen. 
Presumably this represents either globulin or albumin. When the 
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cells of the residue from which the water-soluble constituents hav( 
been thus removed are ruptured by grinding with water, the colloida 
substances become dispersed in the water and are thus readily removec 
from the solid residue by pressing. The expressed deep green fluid 
when passed through a felt of paper pulp is dark brown and wher 
treated with a little acetic acid yields a flocculent precipitate. Wher 
this is washed with alcohol and then with ether it forms a nearly white 
powder which on drying contains 14 ’9 per cent, of nitrogen and only 
1 7 per cent, of ash. The ash-free substance therefore contains 15-2 
per cent, of nitrogen. 

Although sufficient data are not yet available for a discussion of 
the relations of the fluid thus obtained from the plasmolysed cells to 
the fluids obtained by grinding the fresh plant ■ directly, we seem 
justified in concluding that the much larger quantity of precipitate 
produced by alcohol under the latter conditions originates from the 
protoplasmic matter of the cells and that the substances in the filtrate 
in both cases represents the contents of the vacuoles. It thus appears 
that Chibnall’s method yields the protein of the protoplasmic lining 
of the cells of the leaf in a much purer condition than when the cells 
are ruptured by grinding before removing the water-soluble constituents 
of the vacuole, and therefore offers a better opportunity for studying 
these two parts of the cell than has heretofore been available. 

The results obtained by Chibnall and Schr3wer in their studies of 
the cabbage, scarlet runner bean, and spinach plants show that the 
proteins in the leaves of these plants are similar in their general 
properties to those of the alfalfa plant. 

It is too early to generalise concerning the proteins of green plants, 
but it would appear from what is now known that relatively very 
small quantities of albumins, globulins or proteoses are present in the 
juice, and that most of the protein of the plant occurs as a hitherto 
unrecognised type wffiich is unlike any of the native proteins thus 
far described in its behaviour towards acids or alkalis. 



CHAPTER XL 


THE NUTRITIVE VALUE OF THE VEGETABLE PROTEINS. 

The recognition of the wide differences in the chemical constitution 
of the individual proteins obtained from vegetable sources raised the 
question of their relative value in nutrition, about which little was 
known at the time the first edition of this monograph was written. 

All previous attempts to feed isolated proteins in supposedly 
adequate artificial mixtures of purified foodstuffs had failed because 
these were never eaten in sufficient quantity for more than a short 
time. After Osborne and Mendel [ipir, i] discovered that by using 
“ protein-free milk ” foods could be made containing one or another 
purified protein, on which, for the first time, not only adult rats were 
maintained but young ones grew at a normal rate for several weeks, it. 
became possible to compare the relative nutritive value of different 
proteins in a way fairly satisfactory. 

These experiments fall into two groups, one dealing with the 
individual proteins, fed as prepared in th^ laboratory, the other 
with mixtures of proteins as they occur in seeds, or in the parts of 
seeds used Jor feeding men or animals. These groups should be 
considered separately. 

The experiments with the pure proteins likewise fall into two 
groups : (a) those designed to show whether the protein in question is 
alone adequate for maintenance or growth ; and (^) those designed to 
show how little of it is needed, either to maintain the animal, or to 
promote its growth at a normal rate. 

Experiments of the type of group (a) have definitely proved that 
the nutritive value of a protein, or of a mixture of proteins, is deter- 
mined by the minimum quantity of any one essential amino-acid 
which they yield on digestion, but they do not give any information 
respecting the relative value of different proteins which yield some of 
each of the essential amino-adds. The results must be regarded 
simply as qualitative, not quantitative. 

Group (^) involves the quantitative relations of the proteins in 
nutrition. If the relative nutritive value of different proteins is to be 
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established, it is necessary to know how much of each protein is 
needed to secure a normal rate of growth. For this purpose experi- 
ments of a type entirely different from those just described must be 
made. 

The effect of like quantities of two or more proteins on the 
rate of growth must be compared. In conducting such experiments 
difficulties are encountered which have often misled those who failed 
to appreciate the experimental limitations. 

In respect to maintenance experiments designed to show whether 
or not any individual amino-acid is essential, no decisive experiments 
have ever been made, except those with zein and tryptophan. Such 
experiments relate to the physiological requirements of the animal 
and are of so little importance in respect to the relative nutritive value 
of the proteins, which is the subject of this chapter, that they will be 
dismissed without further discussion. 

In regard to growth the situation is different, for here we have 
evidence that notablelamounts of essential amino-acids must be avail- 
able before their presence is revealed by growth. Thus we now know 
that gliadin yields nearly one per cent, of lysine, yet when young 
animals are fed on an otherwise adequate diet containing i8 per cent, 
of this protein and the water-soluble vitamin is supplied daily by 
tablets containing 30 milligrammes of a yeast fraction (a dose de- 
monstrated to be ample for normal growth and containing less than 
3 milligrammes of nitrogen) they do not grow at all. The lysine 
furnished by the gliadin is no more than is needed for maintenance. 
Furthermore, when the diets containing 28 per cent, of “protein-free 
milk,” 18 per cent, of zein and 0'5 per cent, of tryptophan are fed no 
growth whatever can be made until lysine is added, thus proving that 
whatever quantity of lysine may be yielded by the “ protein-free milk 
it is no more than enough for maintenance. When young rats are 
fed on diets containing 28 per cent, of “ protein-free milk,” 13-5 per 
cent, of zein and 4'5 per cent, of casein, which yields at least i ‘5 per 
cent, of tryptophan, almost no growth is made until more tryptophan 
is added. They then grow very nipidly, thus demonstrating that the 
casein furnished very little more tryptophan than is necessary for 
maintenance [1914, l]. 

The experiments just cited clearly demonstrate that the “protein- 
free milk,” even when fed in sudi large proportion of the food, does 
not furnish enough of either tryptophan or lysine to affect the experi- 
ments by which a deficiency in these two- essential amino-acids has 
been regarded as demonstrated. 
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The difficulties encountered in experiments with “ protein-free 
milk ” have long been recognised by Osborne and Mendel who for 
this reason some years ago abandoned the use of this source of water- 
soluble vitamin in favour of dried brewery yeast or extracts derived 
therefrom -which can be fed in small tablets apart from the food. In 
this way the amount of nitrogen in the vitamin-bearing addition to the 
diet is reduced, but the use of yeast is subject to criticisms of the same 
type as those applying to “ protein-free milk,” though with less force. 

Although the relative nutritive values of individual proteins have 
not yet been demonstrated beyond criticism, the outcome of some of 
the experiments has not been seriously affected by the difficulties just 
discussed, while that of others has given a better basis for comparison 
than have the results of the old time methods based on nitrogen 
equilibrium. The available data will therefore be reviewed in the 
following pages with the understanding that the reader will keep in 
mind the shortcomings of the methods by which they have been 
obtained and not ascribe to them an importance which is undeserved. 

The proteins, thus far fed, have been obtained from three groups 
of plants, namely the cereals, legumes and some other species whose 
seeds are rich in oil. 

Nearly one-half of the total proteins of the maize kernel is zein 
which contains no glycocoll [Osborne and Clapp, 1908, 2], tryptophan 
[Osborne and Harris, 1903, 6], lysine [Osborne and Leavenworth, 
1913], oxyproline or isoleucine [Dakin, unpublished communication]. 
Osborne and Mendel [1914, i ; 1916, i] found that rats of all ages 
ra.pidly declined and died on diets containing about 1 5 per cent, of 
their calories in the form of zein unless tryptophan, equal to about 0’5 
per cent., was added to their food. Little, if any, decline in weight then 
occurred even during 100 days, but no growth took place until a 
similar quantity of lysine also was added. Inasmuch as growth was 
then at a nearly normal rate we are justified in assuming that the 
qualitative deficiencies of zein are made good by tryptophan and 
lysine, since these two amino-acids were the only variables in the 
diets. 

Unless the unknown constituents of the "protein-free milk”' 
furnished sufficient glycocoll, oxyproline and isoleucine, to enable the- 
young rats to grow at a nearly normal rate, which seems at best very 
doubtful, we can conclude that these three amino-acids are not essential; 
for growth. If future experiments made with some concentrated pre- 
paration of the water-soluble vitamin should confirm the above con- 
clusion the nutritive value of the other amino-acids and the conception 
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of the amino-acids serving in nutrition as “ building stones ” would be 
questionable. 

Similar experiments with gliadin, which yields a very small amount 
of lysine [Osborne and Leavenworth, 1913], and also with hordein 
from barley, which likewise yields but little lysine [Johns and Finks, 
I9I9]> showed that these two proteins furnish enough tryptophan for 
maintenance but not enough lysine to permit growth. Hogan [1918] 
has shown the same to be true for kafirin from sorghum, but this protein 
is also deficient in cystine. 

The prolamins of these cereal grains can be supplemented also by 
combining them with other proteins containing the lacking amino-acids 
as effectively as by adding the amino-acid itself. It is for this reason 
that normal growth can be made when the total protein of these seeds 
is fed in sufficient amount [Osborne and Mendel 1920, i] since, besides 
the prolamins, these seeds contain also a nearly equal amount of a 
protein belonging to the group of glutelins, each yielding the amino- 
acids in which the accompanying prolamin is deficient. Thus, Osborne 
and Mendel [1912, i] have shown that young rats can grow at a 
normal rate when either maize or wheat glutelin forms the sole protein 
of the diet with the exception of the small amount present in the 
“ protein-free milk ” which served as the source of water-soluble 
vitamin. 

Besides the prolamins and glutelins each of these seeds of the 
■cereals contains a small proportion of other proteins concerning the 
nutritive value of which, in their isolated state, nothing is yet known. 

The proteins obtained from leguminous seeds present especial 
interest. While nearly all of these, so far as known, are not wholly 
deficient in any essential amino-acid, their purified preparations fail to 
promote normal growth, even when fed at high percentage levels. 

The first observation of nutritive deficiencies of proteins from 
leguminous seeds was made by Osborne and Mendel [191 1, i ; 1912, i] 
who found that when phaseolin, which constitutes the chief protein 
of the kidney bean, Phaseolus vulgaris^ was fed together with “ protein- 
free milk ” young rats lost weight, but regained this rapidly when the 
phaseolin was replaced by edestin, or by casein. They later found that 
when the phaseolin had been cooked with water, or dissolved in alkali 
and reprecipitated by acid, the young animals, while maintained for 
many weeks, gained very little in weight. Osborne and Mendel 
(unpublished) also found that the cooked phaseolin was better utilised 
by the animal than the raw. Waterman and Johns [1921] later 
attributed the improvement iii nutritive value after heating this protein 
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with water to the greater digestibility which they observed in vitro. 
Johns and Finks [1920] found that by adding 0-36 percent, of C3^tine- 
to the food containing 18 per cent, of cooked phaseolin the diet was 
rendered adequate for growth at a normal rate. 

Phaseolin contains about 0*3 per cent, of sulphur, the exact 
amount being still a matter of doubt [cf. Osborne, 1902, 3]. Of this 
approximately one-fourth, equal to 0*07 per cent., is converted into 
sulphide by heating with alkalis. Casein contains 0'8 per cent of 
sulphur, only one-eighth of which can be converted into sulphide. If 
the cystine content of a protein can be roughly estimated from the 
sulphide sulphur, assumed to be equal to two-thirds of the total sulphur 
of cystine, phaseolin and casein respectively contain about 0-4 and O'd 
per cent of this amino acid. If the failure of rats to grow on the 
phaseolin diet is due to a deficiency in cystine, as it certainly appears 
to be, it is surprising that normal growth should be made when a like 
quantity of casein is substituted for the phaseolin. There are two 
possible explanations for this ; one that the cystine in phaseolin is 
combined with other amino-acids in a peptide union unhydrolysable by 
the enzymes of the digestive tract ; the other, that the sulphur of the 
casein which is not converted into sulphide by heating with alkalis 
serves as a source of sulphur as does cystine itself. It may be that 
cystine does not function simply as an amino-acid but rather as a 
source of available sulphur. 

Although the proteins of the adsuki bean, Phaseolus angularis, 
closely resemble those of the kidney bean [Osborne and Campbell, 
1897, 5; Osborne and Harris, 1903, i ; Jones, Finks and Gersdorf, 
1922], Johns and Finks [1921] found that when 18 per cent, of the 
uncooked isolated globulin from this seed w’-as fed with “ protein-free 
milk ” young rats grew at about two-thirds of the normal rate, and 
when 0'36 per cent, of cystine was added to the food the rate of 
growth was normal. 

According to Johns and Finks [1918] most of the protein of the 
Chinese velvet bean, Stizolobiwm mveum, consists of the globulin, 
stizolobin, which can be precipitated either by dialysing or by heating 
sodium chloride extracts to boiling. Young rats rapidly lose weight 
when fed on diets containing 18 per cent, of the preparations obtained 
by dialysis, but grow normally on those containing preparations made 
by boiling [Finks and Johns, 1921]. 

Coriglutin from the seeds of the yellow lupin, Lupinus luteus, 
contains about 0*5 per cent, of sulphur, two-thirds of which, like that 
of cystine, is converted into sulphide by heating with alkali [Osborne, 
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1902, 3]. Nevertheless, Osborne and Mendel [1912, i] found that 
conglutin merely suffices to maintain young animals without growth. 
Later unpublished experiments made with otherwise adequate diets 
including the fat-soluble vitamin gave no better results. A diet con- 
taining 9 per cent, of conglutin and an equal quantity of phaseolin, 
both of which had been heated with water, also failed to promote 
growth. 

They also found [1912, i] that legumin from the garden pea, Pisum 
sativum, sufficed for slow growth when fed at an 18 percent, level, and 
that growth was distinctly better after the raw protein had been replaced 
by cooked. Legumin from vetch seeds, Vida sativa, under similar 
conditions of feeding, led to slightly better growth than did that from 
the pea, while later unpublished experiments showed that heating with 
water did not improve the growth-promoting properties of this protein. 
Analyses of the faeces of rats fed on this protein showed them to 
contain only 10 per cent, of the ingested nitrogen, from which it 
appears that the legumin was as well utilised as is the average food 
protein. 

When vignin from the cow-pea, Vigna sinensis, was the sole protein 
of the diet the animals grew very slowly for many weeks, but when 
the vignin was heated with water growth was more rapid. 

Legumelin, found in small proportion in several leguminous seeds 
by Osborne and Campbell [1898, 5], is distinctly different in properties 
and constitution from the other proteins with which it is associated. 
These differences are reflected in its nutritive properties, if the fact that 
fairly rapid growth was made on a diet containing “ protein-free milk ” 
and 1 8 per cent, of a preparation obtained from the pea can be accepted 
as characteristic of legumelin from the seeds of other species. 

Unfortunately the experiments with legumin, vignin and legumelin 
were all made before the need of the fat-soluble vitamin was recognised, 
but, as normal growth was made under similar conditions when equal 
quantities of other proteins were fed, it is improbable that the outcome 
of these experiments was affected thereby. 

Sure [1920] showed that rats fed on a low calorie diet containing 
18 per cent of arachin, the chief protein of the -pea-nut, Arackis 
hypogea, grew very little during several weeks, even when cystine, 
tryptophan, the “ leucine fraction ” of amino-acids and 1-proline were 
added. No better growth was made when the rats were fed on a 
mixture of arachin and conaraehin, iii the proportion in which these 
two globulins are extracted from the pea-nut by salt solutioii. In 
these experiments the alcoholic extract of ether-extracted wheat 
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germs was used as a source of water-soluble vitamin. The mixed 
globulins extracted from the pea-nut by salt solution, as well as 
preparations obtained by extracting the entire seed with alkali and 
precipitating with acid, have likewise proved inadequate for growth 
when fed in the author’s laboratory with “ protein-free milk ” and 
butter fat as sources of vitamins. Rapid growth, however, occurred as 
as soon as diets were fed which contained an equal amount of protein 
supplied by oil-free pea-nut meal (unpublished). This experience 
agrees with that of Daniels and Loughlin [1918]. 

Osborne and Mendel [1912, i] showed that normal growth is 
made by young rats fed on diets containing “protein-free milk ” and 
18 per cent, of edestin, cucurbitin, excelsin or the globulin from the 
cotton-seed. Johns, Finks and Paul [1919] found the same to be 
true for the globulin from coconut presscake, and that it was equally 
efficient when 2 per cent, of yeast was included in the food, instead 
of 28 per cent of “ protein-free milk.” 

What has been said respecting the uncertainties pertaining to 
attempts made to compare two or more isolated proteins applies with 
even greater force to comparisons respecting the total protein con- 
tained in different natural food products. No seed is known which 
does nqt contain several different proteins and in every case examined 
it has been found that seeds containing a protein deficient in one 
or more amino-acids also contain another protein in which these 
amino-acids are present. It is therefore obvious that we cannot con- 
clude that because a considerable part of the protein isolated from a 
given seed fails to meet the nutritional needs of a growing animal that 
the mixture of protein in the entire seed is inferior. Unfortunately 
it has not been possible to obtain from any seed a preparation which 
strictly represents its total proteins in the proportion in which these 
naturally occur. It is therefore necessary to prepare diets which 
include the entire seed in question as the sole source of protein. 
Many experiments have been made with such foods, but these involve 
the introduction of relatively large amounts of non-protein substances 
which are not alike for any two vegetable food products. The results, 
therefore, cannot be accepted as necessarily representing the influence 
of the protein alone on nutrition. In so far as such experiments are 
planned to show the food value of the entire seed, or other vegetable 
product, they may yield useful results and in many cases give an 
approximate idea of the relative value of the proteins in some of them. 
They may also indicate the advantages to be gained by combining 
two or more food products with the purpose of supplementing the 
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amino-acid deficiencies of the proteins • of one with the amino-acid 


excesses of those of the other. 

Numerous experiments have been made to show the relative food 
value of proteins by feeding many kinds of seeds, singly and in 
combination with one another as well as with various animal products. 
In the reports of these it has been assumed that all but a negligible 
part of the nitrogen of the food belongs to protein, which certainly 
for most of the vegetable products used is not true. 

McCollum ^ attaches great significance to the records of reproduc- 
tion, and ascribes the lack of fertility and infanticide, which occurs with 
great frequency among the females, to deficiencies in the protein of 
the rations on which they had been fed. 

In view of the importance attached to these features of such 
experiments, especially those made with vegetable proteins, it seems 
advisable to point out that Osborne and Mendel [1919, 2] as well as 
others ® have shown that rats can grow to full adult size at the normal 
rate on artificial diets and yet be infertile, as shown not only by 
attempts to mate them without success, but also by microscopic 
examination of the ovaries and testicles. Such results have been 
obtained with casein, which previously had been considered to be 
adequate for normal nutrition during growth. While absolutely 
convincing proof has not yet been obtained that the infertility 
observed under these conditions of restricted feeding is not due to the 
protein of the diet, there is much evidence that some other, as yet 
unrecognised, factor is the cause of this abnormal development. 

Since in the reports of experiments made by many investigators 
data are lacking to show how much protein was eaten to make a 
given gain in weight, the author is unable to review intelligently an 
important part of the literature dealing with the nutritive value of the 
proteins in situ. 

In this connection the reader is referred to a discussion of the 
difficulties encountered by Osborne and Mendel [19 18]. in attempting 
to compare the nutritive values of concentrates designed to contain the 
total proteins of barley, oats, rye, or wheat, and [1920, i] in feeding 
the entire seeds of each of these cereals as the sole source of protein. 
The results of the latter experiments indiGated^^ati expressed in 
grammes of gain per gramme of protein eaten^: the proteins of barley 


^ McCollum, E. V. The Neitier KmwU^e of 'Nuiniion. ■ The Macmillan 

Co., 1922, 449 pp. ' L I’ ’ 

3 Evans, H. M., and E: 

Factor Essential for ReprodueHatk:. . ■": y . ^ > . 
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and oats are of about equal value in promoting growth and are some- 
what superior to those of rye or wheat, and also that the total proteins 
of each of these seeds is more efficient than has generally been 
supposed. 

Osborne Mendel [1919, i] found that when the entire wheat 
kernel, containing about lo per cent, of protein [N x 57], was fed as 
the sole source of protein, together with butter-fat and a suitable 
mixture of inorganic salts, 20 milligrammes of protein each week per 
gramme of body weight were insufficient for prolonged maintenance 
of most adult rats, and that in general about 23 milligrammes were 
required. 

To prepare an adequate diet from the entire grain, containing 
enough protein for the normal growth of the young, it was necessary 
to mix 92 per cent, of the ground seed, 5 per cent, of butter fat, and 3 
per cent of the salt mixture with water and bake the dough into hard 
cakes. As this food, containing about 9 per cent, of protein, was 
much lower in calorific value than the fat-rich mixtures used in the 
other experiments, the rats ate about 50 per cent, more of it by 
weight than of the latter, and thus actually consumed as much protein 
as did rats on the fat-rich diets containing 1 5 to 1 7 per cent, of protein. 
This shows how misleading may be conclusions based on the percentage 
of protein in the food when nothing is known of the amount eaten. 

On this diet vigorous growth was made during many months and 
several litters of young were produced. Unfortunately the actual 
amount of protein eaten through the entire period could not be 
determined because the rats frequently scattered the dried food. 
Nevertheless the consumption of food was ascertained at frequent 
intervals, from which it was clear that intake was high and consequently 
the protein is not of relatively superior quality. More precise data 
respecting protein from this important source should be obtained if 
possible. 

Osborne and Mendel [1919, i] attempted to compare the relative 
values of the protein in the different parts into which the wheat kernel 
is usually separated in the process of milling. They found that a 
weekly intake of 23 to 26 milligrammes of the proteins of patent flour 
per gramme of body weight was needed to maintain adult rats, 
whereas when one-fifth of the protein was replaced by the protein of 
extracted beef muscle only 16 milligrammes sufficed. In this con- 
nection the experiments made by Sherman [1920] are of interest, 
because they not only indicate that wheat flour satisfies the mainten- 
ance requirements of man in much the same way as it meets those of 
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the rat, but also that a relatively small proportion of the proteins 
milk increase the maintenance value of the flour proteins in the sai 
way as those of muscle tissue did in the experiments just cited. 

Since the patent flour contained too little protein to permit t. 
preparation of a suitable diet containing a sufficient amount of t 
fat-soluble vitamin and inorganic salts, the protein ctjntent was i 
creased by adding dried and finely ground gluten obtained from tl 
same lot of flour. When young rats were fed on a food mixture co; 
taining 14-8 per cent, of protein derived wholly from patent floL 
together with 9 per cent, of butter-fat and 4 per cent, of a suitab 
salt mixture, growth was very slow and the rate was not appreciab! 
accelerated when a yeast fraction rich in vitamin B w'a.s fed, aj)a 
from the food. 

The embryos of the wheat kernel appear to contain protein of muc 
better quality than does the endosperm, if such a conclusion can h 
drawn from experiments made with a commercial preparation cor 
taining approximately 77 per cent, of its nitrogen from this part of th 
seed, 14 per cent, from the bran, and 9 per cent, from the endosperir 
With protein (N x 6 '25) from this source adult rats w^ere well main 
tained for long periods on a weekly intake of 1 6 to 20 milligramme 
per gramme of body weight. 

Young rats grew at a normal rate and reproduced on a diet con 
taining only 7 per cent, of protein from this commercial product, mak 
ing an average gain of body weight equal to I -d grammes per gramim 
of protein eaten. 

Bran contains .so much indigestible matter that only one rat at( 
enough of the food to enable it to grow well. Thi.s animal mafle ai 
average gain of 2-05 grammes of body weight per gramme of criuk 
protein eaten (i.e. N x 6-25), despite the fact that over 20 per cent, o 
the ingested nitrogen was voided in the fajces. 

No comparable experiments have been made with the maize kernel 
but Hogan [1916] has shown that rats can make good growth on maizt 
meal supplemented with an adequate salt mixture. Hogan giv«.s nc 
data respecting the proportion of protein in this diet, Put since maize 
meal usually contains less than 10 per cent, of protein, it is evident 
that this diet was comparatively low in protein. It thu.s appears that 
the amino-acid deficiencies of zein, which constitutes nearly one-half 
of the total protein of this seed, are supplemented by its other proteins 
so well that when enough of the meal is eaten normal growth can be 
made by rats. Hogan found, however, that swine did not grow ap- 
preciably on this food mixture but made rapid growth when casein 
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also was added. Whether this was because the diet contained a higher 
percentage of protein or because the casein supplemented the maize 
proteins is not clear, but the fact that a suitable proportion of the 
latter proteins proved adequate for the growth of rats indicates that 
the failure of the pig to grow was due to too small an intake of pro- 
tein. This view receives support in the observation made by McCollum, 
Simmonds, and Pitz [1916], who state that pigs can grow well when 
fed a mixture of 70 per cent, maize meal and 30 per cent, maize 
“ gluten feed ” supplemented by a suitable salt mixture. 

Hogan well attributes the apparent discrepancy between the out- 
come of experiments with rats and pigs on this diet to the great differ- 
ence in the size of the two species, in consequence of which much more 
protein per unit of body weight is eaten by the rat, a fact which must 
always be kept in mind in comparing the nutritive value of proteins 
when fed to animals of markedly different size. 

Johns, Finks and Paul [1920] have also shown that the proteins of 
maize meal when fed at a sufficiently high level suffice to promote 
normal growth of rats. On a diet containing 

Per cent. 

Gluten meal ^ 53 = 19 ‘4 per cent, protein 

Whole ground maize 18 = 1*5 „ „ 

Salt mixture 4 

Butter-fat z8 

Lard . . . . . . . . . .7 

normal growth was made, the water-soluble vitamin being furnished 
by the ground seed. In view of the fact that Osborne and Mendel 
[1914, 2] were unable to secure more than very slow growth when 
the total protein of the diet, equal to 17 per cent, was furnished by 
maize “gluten meal” and the water-soluble vitamin by “ protein-free 
milk,” the apparent supplementing effect of the relatively small pro- 
portion of whole maize meal used in the experiment just described is 
surprisingly good. 

Maize gluten, the proteins of which are derived from the endosperm 
of the seed, and which is extensively used on the farm as a protein 
concentrate, was rendered efficient for the growing rat when a relatively 
small part of the protein in the diet was replaced by other proteins 
rich in tryptophan and lysine [Osborne and Mendel, 1917, l]. 

The proteins of the embryos of the seeds of wheat [Osborne and 
Campbell, 1900] are different in chemical properties and structure 
from those of the endosperm, and the same is presumably true for those 
of the maize kernel. 

^ Gluten meal is a mixture of the protein of the endosperm of the seeds of maize ob- 
tained as a by-product in the manufacture of corn starch. 
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As to the value of the proteins of the embryo of the maize kernel 
little is known. Two types of commercial germs are available, one 
from the manufacture of starch, in which process the grain is first 
digested with water containing sulphurous acid and the embryo 
mechanically separated and subsequently dried; the other in which 
the germs are excised from the untreated grain. The former product 
has always failed as a source of protein when fed in the author’s 
laboratory, and was presumably the type used by McCollum, Simmonds, 
and Pitz [1916]. The latter when supplemented with butter-fat and 
a suitable salt mixture gave normal growth when the diets contained 
nitrogen equal to about 13 per cent, of protein, but data were not 
obtained from which a quantitative comparison could be made with 
the proteins of the endosperm or with those of the entire grain (un- 
published). 

Although the experimental conditions under which comparisons 
of the nutritive value of the proteins of the cereal grains must be 
made leave much to be desired in the way of rigid proof, the results 
of numerous investigations indicate that these proteins are inferior to 
those of animal origin, and that their nutritive value is markedly im- 
proved by relatively small additions of the proteins contained in those 
animal products which are commonly used for food. Although this 
improvement may not be wholly due to the protein factor alone, the 
fact that the animal proteins are richer in the amino-acids which have 
been proved to be essential for growth than are the proteins of the cereal 
grains confirms the belief that the proteins were the chief factor con- 
cerned in the outcome of the experiments above discussed. 

The leguminous seeds which are rich in protein have many times 
been recommended as cheap and desirable substitutes for the more 
expensive animal proteins. With the exception of the soy-bean, how- 
ever, these seeds have never been used extensively as a major constitu- 
ent of the diet. 

As already shown the proteins obtained from these seeds contain 
all of the essential amino-acids, and, with the exception of cystine, in 
apparently sufficient amount to meet the nutritional requirements of 
young rats. 

The ground seeds of many species of leguminous plants are eaten 
by rats as well as other animals in larger quantity when cooked with 
water than when raw. The evidence available, while by no means 
conclusive, indicates that cooking not only destroys some obnoxious 
constituent, but also may alter the configuration of the protein, 
whereby it is better utilised. Seeds of different species are not alike 
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in respect to this nutritive defect Some, like those of the pea, Pisum 
sativum^ are eaten readily in the raw state, those of the soy-bean, 
Soja hispida, less readily, but in sufficient quantity to enable the animal 
to grow at a rate somewhat below the normal, while after cooking 
normal growth is made on an otherwise identical diet [Osborne and 
Mendel, 1917, 3]. On the other hand, rations containing meal made 
from the kidney bean, Phaseolus vulgaris^ are scarcely eaten at all 
unless cooked [Johns and Finks, 1920]. 

On account of the dietary importance of the leguminous seeds 
several attempts have been made to determine their nutritive value. 
None of the published records give any idea of the relative nutritive 
value of the proteins in these seeds, because either no data are given 
respecting the amount of protein ingested, or no proof is furnished 
that the amount of protein eaten was not in excess of the minimum 
req uired for normal grow'th. The only experiments in which the above 
requirements were approximately- met are those of Osborne and 
Mendel [1917, l], who found that when the diet contained nitrogen 
equal to 9 per cent of protein furnished by soy-bean flour, which 
presumably had been heated during the process of manufacture, the 
gain of body weight per unit of protein eaten compared favourably 
with that made on diets containing other proteins of high quality. 

McCollum, Simmonds, and Parsons [1921 , l, 2, 3, 4] give the results 
of extensive experiments with supposedly adequate and comparable 
diets, containing 9 per cent, of protein from seeds of several cereals, 
some animal products, and those from some of the commonly used 
leguminous seeds, fed either separately or in various combinations. 
Since no data are given respecting the amount of food eaten, it is im- 
possible to draw satisfactory conclusions from their reports as to the 
actual value of the proteins in the leguminous seeds which they used, 
or as to their supplementing value for the proteins of the cereal grains. 

Concerning the relative value of proteins contained in green forage 
plants, or the supplementing value of these for the proteins of seeds, 
almost nothing definite is known. It is a matter of common experience 
that many kinds of animals derive a large part of their supply of protein 
from various species of green plants. When attempts are made to 
obtain experimental evidence of the part played by the protein factor 
of diets containing green plants almost insuperable difficulties are 
encountered. 

In the first place we do not yet know how to isolate the protein 
from any fresh plant in a state of purity, and such attempts as have 
been made in the author’s laboratory to feed the crude protein or the 
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colloids precipitated from the alfalfa plant (see Chapter X.) have failed 
completely, apparently because, for some unknown reason, young rats 
will not eat enough of the foods containing such preparations. 

In the second place, when the entire plants, or the residues, pre- 
sumably rich in protein, from which the soluble matters have been 
extracted, are fed, it is impossible to determine how much protein is 
consumed, since we do not know the proportion of non-protein nitro- 
genous substances which they contain. A product from spinach leaves, 
which contained nitrogen equal to 39 per cent, of protein (N x 6-25), 
was fed to young rats by Osborne and Mendel (unpublished) with 
marked success, although the nitrogen in the diet was equivalent to 
only 10 per cent, of protein. On the other hand, when a similar pro- 
duct from the juice of the alfalfa plant was fed in a diet containing 
nitrogen equal to 20 per cent, of protein, all of the young rats died 
within a few days, probably because they would not eat. This refusal 
to eat cannot be explained in view of the fact that McCollum [1917] 
obtained good growth and reproduction with rations containing 
40 per cent, of the alfalfa leaf together with various cereal grains. 
While the experiments of these authors show that the alfalfa leaf as 
a whole supplements the nutritive deficiencies of the cereal grains, 
they do not indicate the part played by the protein in this complicated 
mixture of food factors. 

Until more is known about the chemical make-up of the green 
forage plants, and methods are developed whereby their proteins can 
be isolated and further studied, no better basis will exist for correctly 
choosing the proper combinations of the products available for farm 
animals than that which we now have founded on empirical experi- 
ments with mixtures arbitrarily selected. 

In this connection attention should be directed to the work of 
Voltz,^ who showed that lambs made very considerable growth on 
diets in which about 80 per cent, of the nitrogen was furnished by urea, 
the rest b^ing derived from rye straw or chaff, hydrolysed by dilute 
sodium hydroxide at ordinaiy temperatures. The only plausible 
explanation of this anomalous observation is that the bacteria in the 
omasum of these ruminants converted the urea into protein, which 
subsequently was digested in the stomach and intestine, and so became 
available in the form of amino-acids for the nutritive requirements of 
these animals. Under such circumstances the non-protein nitrogenous 

^Vdltz, W. Der Ersatz des Nahrungseizaeisses dutch Harnstoff beim wachsendsn 
Wiederkduer. Der Futterweri des nach dem Beckmannschen Verfakren aufgeschlossmen 
Stroks und der Spreu. Biochem. Zeit., igao, zo2, 151-227. 
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substances in green foods may, in whole or in part, serve the same 
purpose as protein in feeding ruminants. In the light of such 
experiments it is obvious that the knowledge of the nutritive value of 
proteins gained by feeding rats cannot be applied to ruminants. 

On the other hand, those mixtures which experience has shown to 
be best for feeding young pigs and chickens are such as experiments 
with rats indicate should be efficient. Although sufficient data are not 
yet available to justify final conclusions, it is probable from such 
experiments as have been made that the protein requirements of man 
are also much the same as those of rats. 



CHAPTER Xlf. 


SOME PHYSIOLOGICAL RELATIONS OF VEGETABLE PROTEINS TO THE 

ANIMAL ORGANISM AND THE BIOLOGICAL RELATIONS OF SEED 

PROTEINS TO ONE ANOTHER. 

A. Toxalbumins. 

Warden and Waddell [1884] obtained from the seeds of Ahrus 
precatorius a toxic substance which they named abrin and considered to 
be a protein. This appears to be the first suggestion that toxic pro- 
teins exist in seeds, and it gave rise to the designation of toxalbumins, 
which is now applied to this group of proteins. 

Three years later Dixson [1886-87] by neutralising an extract 
of the seeds of Ridnus communis^ obtained a precipitate which was 
very toxic and consisted largely of protein. Stillmark [1888], who 
reinvestigated this substance, ascribed its toxic properties to the 
protein which, at KoberPs suggestion, he called ricin. 

Power and Cambier [1890] isolated from the bark of Rohinia 
pseudacada a similar toxin which they considered to be a nucleoprotein. 
Schmidt’s Lehrbuch ^ appears to be the first publication in which this 
toxalbumin is described under the name of robin. 

Siegel [1893] discovered a similar toxic protein in the seeds of 
Jatropha curcas^ to which he gave the name of curcin. 

_ Elfstrand [1897] found a toxic substance in extracts of the seeds 
of Croton tiglium, which appeared to be of protein nature, and for this 
he proposed the name crotin. 

Dunbar [1903] ascribed the effect which extracts of lye pollen had 
on hay-fever patients to a toxic protein contained in pollens. 

Wienhaus [1909], at Kobert’s suggestion, proposed the name 
phasin for all of the proteins which are non-toxic, but which, like the 
above-mentioned toxalbumins, agglutinate suspensions of the red blood 
corpuscles of animals. 

The protein nature of these substances has been the subject of 
controversy, but it appears to be the opinion of the majority of those 

^Schmidt. Lehrbuch der pharmoeeutischen Chemie, xSg€, 3rd edltiocii 2i 1647. 
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who have worked with them that the protein itself, and not some non- 
protein substance associated with the preparations which have been 
studied, is the toxic or agglutinating agent This belief is founded on 
the fact that the chief constituent of the preparations obtained from 
these seeds is protein ; that the more thoroughly these preparations 
are freed from contamination with non-protein substances the greater 
their toxicity; that the toxin is indiffusible, and that all those 
processes which tend to denature the protein, or to cause its hy- 
drolytic decomposition, also diminish or destroy the toxicity of the 
preparations. 

Those who deny the protein nature of the toxin have for the most 
part based their opinion on the assumption that digestion with trypsin, 
carried to the point where the solution fails to give the reactions 
characteristic of protein, does not destroy the toxin. The opponents 
of this view contend that the toxicity of these toxalbumins is so great 
that the solutions tested were too dilute to give these reactions, although 
they still contained enough of these extraordinarily toxic proteins to 
manifest their presence by fatal results when administered to animals. 

We apparently have the same question as to the chemical nature 
of the toxalbumins as we have in respect to that of the enzymes, with 
which the toxalbumins seem to have much in common. Cf. Osborne 
[1895, 3], and Sherman and Schlesinger [1911, 1912]. 

Abrin. 

Warden and Waddell obtained their preparation of abrin by 
extracting the fat-free powder of the ground seeds of Ahrus precatorius 
with water and precipitating with alcohol. Martin and Wolfenden 
[1889] separated a globulin and a proteose from the precipitate thus 
produced, and considered both to be toxic. By brief heating these 
were denatured, the globulin at 75° to 80°, the proteose at 80“ to 85°, 
while at the same time the toxicity was destroyed. Hellin [1891] 
discovered that abrin had the property of agglutinating the red blood 
corpuscles, and also showed that the effects of poisoning with abrin 
were like those caused by ricin. Ehrlich [1891] found that animals 
immunised to abrin were not immune to ricin, thus establishing a 
difference between these two toxins. 

Repin [1895], Heuseval [1900], and Robert [1913] state that abrin 
does not lose its toxicity by digestion with trypsin. Hausmann [1902] 
found that the toxicity of abrin was greatly reduced by the action of 
pepsin-hydrochloric acid. On the other hand, digestion with trypsin for 
several weeks left the toxicity of the solution quantitatively unaltered. 
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The small precipitate produced in this solution by adding ammoniur 
sulphate to 8/ioths saturation, when dissolved in water, although i 
gave no biuret reaction, agglutinated red blood corpuscles and prove( 
toxic in doses corresponding to 3 "5 milligrammes per kilogramme o 
body weight. 

Hausmann’s evidence of the non-protein nature of abrin foundec 
on the failure of the biuret reaction cannot be accepted in view of tht 
relatively large doses which he employed, for we now know that thf 
toxicity of the toxalbumins is so great that a lethal dose may b« 
contained in solutions too dilute to give this reaction. 

Sommerfeld [1913] described the relations of toxin to agglutinir 
from Abrus and found these to be very similar to those of ricin. 

Ricin. 

As already stated, Dixson was the first to isolate from seeds of 
Ridnus a highly toxic product which consisted chiefly of protein. 
Stillmark, at Robert’s suggestion, named this ricin. He obtained his 
preparations by saturating sodium chloride extracts of the seed with 
magnesium sulphate, dissolving the precipitate in water and dialysing 
until salts were removed. He also discovered the remarkable fact 
that solutions of ricin added to suspensions of red blood corpuscles 
caused these to agglutinate and settle, leaving the solution clear. 

Ehrlich in [1891] found that animals could be immunised against 
ricin, and this discovery led to numerous investigations in the field of 
immunology and to a recognition of the close relations of the toxal- 
bumins to the bacterial toxins. (Cf. Schaer [1891], Tichomiroflf 
[1895], Werhovsky [1895], Stepanoff [1896], Ehrlich [1897], Heuseval 
[1900], Robert [1900], Roemer [1901], Hausmann [1902], Jacoby 
[1902, I, 2], Rraus [1902], Rehns [1902, i, 2], Braun, and Behrendt 
[1903], Brieger [1903], Arrhenius [1904], Frankel [1904], Jodlbauer 
and V. Tappeiner [1905], Pascucci [1905], Woronzow [1907], Sachs 
[1905], Comevin [1897].) 

Cushny [1898] undertook an extensive study of various methods 
for isolating ricin, and obtained preparations of much greater toxicity 
than those before described. All his attempts to separate a non- 
protein toxic substance from his solutions failed, and he states that 
when the preparation contained protein it was toxic, but when the 
protein was removed it was not. He ascribed the failure of his pre- 
decessors to detect protein in solutions which were highly toxic tor the 
fact that the ricin is fatal in such extremely small, amounts that such 
solutions were too dilute .to give protein reactions. He foundhfeat-the 
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toxin was precipitated by saturating its solution with ammonium 
sulphate, was coagulated by heating and thereby rendered non-toxic, 
and that the toxicity of the solutions decreased as protein was re- 
moved from them. He further found that saturation with magnesium 
sulphate removed all of the ricin from its solution, and that the albu- 
mose which was not thus precipitated had no toxic or agglutinating 
properties. Cushny therefore concluded that ricin is either a protein 
or is so intimately associated or combined with protein that it could 
not be separated by any of the means then available. 

Jacoby [1901] thought he had demonstrated the non-protein 
nature of ricin because he found that preparations which he subjected 
to prolonged tryptic digestion, and were still toxic, failed to give the 
biuret reaction. Jacoby’s method for preparing this so-called ricin 
must certainly have yielded preparations containing a large proportion 
of the non-toxic globulin of the seed and relatively little ricin. It is, 
therefore, not surprising that the very dilute solutions which he tested 
failed to give the biuret reaction although they still contained enough 
ricin to be toxic. 

Landsteiner and Jagic [1904] found when blood corpuscles were 
agglutinated by ricin that the toxin could be extracted from the pre- 
cipitate by dilute hydrochloric acid, thus indicating that the toxin and 
agglutinin are one and the same substance. 

Osborne, Mendel, and Harris [1905] separated the different proteins 
of the seed of Ridnus from one another, and showed that the toxic 
properties were associated only with those proteins which were 
soluble in water and coagulable by heat By dialysing the sodium';.- 
chloride extract of the seed, the greater part of the protein separated f 
as a globulin which was free from toxic properties. The aqueous | 
solution from which this globulin separated, when fractionally pre- 
cipitated with ammonium sulphate, yielded the toxin in a fraction 
obtained within comparatively narrow limits of concentration in this 
salt The toxicity of these fractions was closely proportional to the 
amount of coagulable albumin which they contained, and, by further 
fractionation with ammonium sulphate, preparations resulted which 
consisted largely of non-toxic albumin. The most toxic fraction, and 
at the same time the richest in albumin, consisted of a mixture of 
about 70 per cent, of albumin and 30 per cent, of proteose. The 
toxicity of this product exceeded that of any preparation of ricin be- 
fore described, for 0-0005 of a milligramme per kilo of body weight 
was fatal to rabbits when subcutaneously injected. Very dilute- 
solutions of this preparation agglutinated the red blood corpuscles of 
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dog, pig, and cat. An examination of the properties, ultimate com- 
position, partition of nitrogen, and colour reactions showed this pre- 
paration to have, in all respects, the properties characteristic of pure 
protein, and no evidence was obtained which indicated that it con- 
tained more than the most insignificant quantity of any other 
substance. They concluded that the toxic property belongs to the 
albumin, and that consequently true toxalbumins occur in seeds. 

Woronzow [1909] later reported experiments from which he drew 
the conclusion that ricin was a globulin rather than an albumin, as 
asserted by Osborne, Mendel, and Harris. While Woronzow’s observa- 
tions agree with those of the latter authors, his conclusion that ricin is 
not an albumin does not seem justified in view of the fact that satura- 
tion with magnesium sulphate is characteristic of many vegetable 
albumins, and cannot be regarded as evidence of the presence of a 
globulin. The fact, observed by Woronzow, that water extracts less 
toxin from the seed than sodium chloride solutions, does not necessarily 
show that ricin is not an albumin, since this may be a constituent of 
the “ protein grains,” which are not dissolved by water, but are readily 
dissolved by sodium chloride solutions. If these grains are thus dis- 
solved it may well be that albumin is liberated from them. 

The evidence thus far recorded, as to the action of trypsin on 
ricin, strongly favours the view that these toxalbumins are not 
destroyed by this enzyme, but an examination of the details of the 
experiments which have been tried leaves one much in doubt as to the 
weight which should be attached to them. The earlier experiments 
which were mostly made with crude preparations of ricin, and which 
have since been shown to contain but little of this toxin, were made 
at a time when the enormous toxicity of this substance was not 
appreciated. 

It appears, however, from all the experiments which have been 
reported that ricin is not easily altered by proteolytic enzymes. That 
there should exist in nature a form of protein not easily hydrolysed 
by the enzymes of the digestive tract would not be surprising. The 
fact that the toxalbumins produce such powerful physiological effects 
upon animals indicates that they differ in some pronounced manner 
from other known proteins. All the other facts which we know in 
regard to these toxalbumins speak strongly in favour of their protein 
nature, and in view of the experiments of Osborne, Mendel, and 
Harris it is difficult to believe that the toxicity is not a property of 
the protein substance itself. 

Lau [1901] showed that besides the red blood corpuscles ricin 
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agglutinates suspensions of many other lipoid-rich cells of animal 
origin, and, on the ground of the experiments which he made with 
such cells, concluded that the toxin and agglutinin are identical. 

Reid [1913] washed cells of dog’s brain with physiological salt 
solution, agglutinated them by adding a solution of ricin, extracted 
the ricin from the precipitate by very dilute hydrochloric acid, and 
found that the clear extract promptly agglutinated a suspension of 
cat’s blood corpuscles. This showed that not only the toxin but also 
the agglutinin were united with the brain cells, thus indicating that 
the two are one and the same substance. Reid, further, found that 
the cells of many other organs of the body are agglutinated by ricin, 
and states that a differentiation of ricin into a toxin and an agglutinin, 
of which the latter plays no intravitam role, is not justified. 

Contrary to Muller’s [1899] conclusions, Reid found that the 
agglutinating power of ricin is not affected by digestion with pepsin. 
As to the validity of the evidence which he offers in support of his 
views, the reader is referred to the data given in his paper. 

Curcin. 

Stillmark [1889] obtained from extracts of the seeds of Jatropha 
curcas a preparation having toxic as well as agglutinating properties 
similar to those of ricin. Siegel [1893] was unable to remove the 
protein from preparations made from extracts of this seed without 
destroying its physiological activity. 

Felke [1913] acidified extracts of Jatropha seeds with dilute acetic 
acid, and added enough saturated sodium chloride solution to make 
the salt content 8 per cent. The precipitate, which contained most of 
the protein and nearly all of the toxin, was completely soluble in 
water. When a quantity of this solution equivalent to 20-30 milli- 
grammes of the precipitate was injected into rabbits death ensued. 
Extracts of the seed heated to 60° lost their toxicity, as they also did 
after adding a little sulphuric acid. The toxic effects of curcin are 
similar to those of ricin, but its solution does not agglutinate the 
corpuscles of many kinds of blood nor does it agglutinate suspensions 
of brain cells from man or cat. Felke considered curcin to be a 
toxalbumin. 

Crotin. 

The toxalbumin which occurs in the seeds of Croton tiglium has 
been the subject of relatively few investigations. Stillmark [1888] 
applied the same methods which he had used for preparing ricin to 
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the seeds of Croton tiglium and obtained products which, when 
injected into cats or rabbits, produced effects similar to those caused 
by ricin, and found that it also agglutinated red blood corpuscles at a 
dilution of i to 40,000. He concluded that croton seeds contained a 
substance similar to, if not identical with, ricin. 

Elfstrand [1898] made an extensive investigation of this toxin and 
obtained from the oil-free croton seeds two proteins, a globulin and 
an albumin, which were toxic and likewise agglutinated red blood 
corpuscles. The fact that solutions of the albumin lose their toxicity 
at the same temperature as that at which they are coagulated led him 
to suspect that the toxicity of the globulin might be due to an 
incomplete separation from the toxic albumin. From the results of 
his experiments Elfstrand considered it probable that this toxalbumin, 
which he named crotin, is an enzyme. 

Kobert [1913] states that the lethal dose of crotin for warm 
blooded animals is much less than that of ricin, and that the action of 
crotin and ricin on various kinds of blood is not alike. Thus the red 
corpuscles of the guinea pig, man, horse, rabbit, hedgehog, snake, 
hen, or cat are agglutinated by ricin but not by crotin, those of the 
five latter, however, are haemolysed. On the other hand, the red 
corpuscles of the pig, ox, sheep, or frog are energetically agglutinated, 
as are all these by ricin. Of the protein nature of crotin there 
appears to be satisfactory evidence, and it may be included among 
the toxalbumins on the basis of Elfstrand’s investigation. 

Robin. 

The name robin designates the protein substance produced by 
Lau [1901], according to the method of Power and Cambier [1890], 
who discovered this toxic substance in extracts of the bark of Robinia 
pseudacacia. This toxin produces physiological effects very similar 
to those caused by abrin, ricin, or crotin. Power considered robin to 
be a nucleoprotein, soluble in water with an acid reaction, and 
precipitable by alcohol, acids, or excess of salts. On heating its 
solutions the greater part is coagulated between 70® and 8o“, and on 
boiling its toxicity is completely destroyed. Preparations of robin 
give all the reactions characteristic of proteins. Power estimated 
the content of robin at l*i to 17 per cent of the bark, and states 
that it hydrolyses some glucosides and also coagulates milk. He 
considered it to be an enzyme. 

Ehrlich [1897] found that robin produced an antirobin serum 
when injected into animals. 
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According to Kobert [1913] solutions of robin agglutinate the red 
corpuscles of many kinds of blood, some of them at great dilution. 
Robin is distinguished from ricin by its failure to agglutinate the red 
corpuscles of dog’s blood. 


B. Phasins. 

Wienhaus [1909], at Robert’s suggestion, proposed the name 
phasin for the substances obtained from extracts of seeds which are 
non-toxic, but agglutinate suspensions of red blood corpuscles. This 
designation was derived from Phaseolus^ from the seeds of which 
the first phasin was obtained. Whether the agglutinating factor is 
identical with the toxin or not was the subject of much discussion 
until non-toxic agglutinins were later obtained from many species of 
seeds. Since then it has been generally assumed that these two 
factors are not identical. In this connection attention should be 
called to the experiments of White and Avery [1913], who found that 
a very carefully purified preparation of crystallised edestin, which the 
author made expressly for their work, had strong agglutinating 
properties. These investigators dissolved the edestin in the least 
possible quantity of N/io sodium hydroxide solution, and then 
diluted to the required concentration with a N/iooo solution. Under 
these conditions edestin agglutinated the washed red corpuscles of 
sheep’s blood at a dilution of i- 10000, whereas under the same 
conditions gliadin had no such action. These experiments show that 
agglutination is not a property peculiar to the proteins of the water 
extracts of some seeds, and leave little doubt as to the protein nature 
of phasins. 

Phasins have been found in seeds of many species of plants, 
particularly in those of leguminosae. Landsteiner and Raubitschek 
[1907] first described such from Phaseolus, Pisum, Ervum, and Vicia. 
Similar results were obtained by Mendel [1909, 2], and Wienhaus 
[1909], who examined the seeds of a large number of different species 
of plants, in many of which they found phasins. These investigations 
confirmed the earlier observations which indicated that the corpuscles 
of different species of animals were not equally sensitive to one and 
the same phasin. Wienhaus [1909] and Kobert [1913] reviewed the 
work of previous investigators and further studied the action of 
several phasins on blood corpuscles from many species. 

In view of the character of the preparations which have been used 
for these investigatiohs, it is impossible to reach any satisfactory con- 
clusion Eespectin^ Bieir mode of action or their chemical nature. 
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Neuberg and Rosenberg [1907] and Neuberg [190^] have raised the 
question as to whether or not the agglutination caused by the phasin 
was due to lipolysis, but the evidence furnished by Mendel [l909i 2] 
and by White and Avery [1913] makes this view untenable. 

Some of the more important literature of this subject can be found 
in the following papers: Schaer [1891I Tichomiroff [l895]> Wer- 
hovsky [1895], Stepanoff [1896], Cornevin [i897]> Ehrlich [1S97], 
Elfstrand [1898]. Heuseval [ii^oo], Robert [1900, 1913], Jacoby [1901 ; 
1902, 1, 2 ; 1903], Kraus [1902], Rehns [1902, i, 2], Braun and Behrendt 
[1903], Brieger [1903], Arrhenius [1904], P'raenkel [i 904 ]j Jodlbauer 
andv. Tappeiner [1905], Pascucci [1905], Liebermann [1905 ^ 907 > L2 i 
1908], Sachs [1905], Woronzow [1907], Raubitschek [1911], v. Eisler 
and V. Portheim [1908, 1911, 1912], Miessner and Rewald [i909]» 
Field [1910], Lenze [1909], Assraann [i 9 II]j 3R.eid [1913], Sommer- 
feld [1913], Felke [1913], Agulhon [1914], P'ord [1913]- 

C. Anaphylaxis 

Wells and Osborne [1915] showed that it is possible to isolate 
from extracts of seeds, as well as irom cow’s milk,^ preparations 
representing different kinds of protein, each of which reacts specifically 
according to the protein used, but not according to the species from 
which it originated. It thus appears that the anaphylactogenic 
property of a protein is determined not by its biological origin but by 
its chemical structure. 

We have in this reaction the best means now available for establish- 
ing the chemical individuality of proteins, and since it has been shown 
that identical proteins occur only in plants which botanists regard as 
very closely related, we may also have a new method for indicating 
the botanical relations of different species. 

Wells and Osborne [1911] showed that carefully purified farepara- 
tions of proteins from several different sources caused typical anaphylaxis 
reactions, but that the onset of the symptoms was somewhat slower 
than when proteins of animal origin were used, and that the minimum 
intoxicating dose was somewhat larger. This may be due in some 
cases to the vegetable diets of fbe guinea pigs used for these experi- 
ments, because it was found that when these animals were previously 
fed on maize meal they did not react to zein as did those which had 
never eaten this grain. 

The close similarity, if not identity, of legumin from the pea with 

^ 'Wells, H. G., and T. B. Osborne. Anaphylaxis Reactions taith Purified Proteins 
from Milk. J. Infect. Diseases, 1921, 29, 200-216. • 
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that from the vetch was indicated by these experiments, as was also 
the identity of gliadin from wheat with gliadin from rye. They 
further showed [1913] that guinea pigs sensitized with gliadin from 
wheat gave strong reactions with hordein from barley, although these 
two proteins are certainly not chemically identical. Complete pro- 
tection to subsequent injections of the homologous protein was not 
afforded by a reaction to the heterologous protein, thus indicating the 
presence of two or more individual proteins in the preparations of 
gliadin and hordein, one being common to both, or else the presence 
in gliadin and hordein of both common and specific reactive groups. 
The chemical evidence strongly favours the latter view. Gliadin and 
glutenin, which together form the chief constituents of wheat gluten, 
react anaphylactically with one another. Since guinea pigs sensitized 
with glutenin do not react to hordein, as do those sensitized with 
gliadin, it is probable that the reaction between gliadin and glutenin is 
due to a common reactive group not present in hordein, rather than 
to an incomplete separation of these proteins. 

The immunity reactions of edestin have been studied by White 
and Avery, who found that guinea pigs reacted fatally when the 
sensitizing dose was only O'OOOI milligramme and the intoxicating 
dose 50 milligrammes. Lake, Osborne and Wells [1914] studied the 
immunological reactions produced by hordein, gliadin, and some other 
vegetable proteins. The reader is referred to the account of their 
results because these cannot well be summarised here. 

Wells and Osborne [1914] state that the minimum intoxicating 
dose of most vegetable globulins is from i to 2 milligrammes when 
administered intraperitoneally, but that from 5 to 10 milligrammes are 
usually required for severe intoxication. On the other hand the 
minimum intoxicating dose of the so-called vegetable proteoses which 
are readily soluble in water is much smaller, moderate to severe 
reactions being obtained with O'Oa — O'l milligramme and fatal results 
with 0*5 — 2 milligrammes. They also found [1915] that these so- 
called proteoses obtained from different seeds are not only different 
from one another but also from the other proteins of the seeds from 
which they originated [Cf. Wodehouse, 1917]- Unlike the proteoses 
produced by the action of enzymes on native proteins, these natural 
vegetable proteoses are strongly anaphylactogenic, their activity not 
being destroyed by heating to 100° for one half-hour, presumably 
because they are not coagulable. 

After comparing the anaphylaxis reactions between proteins 
obtained from seeds of different genera, Osborne and Wells [1916] 
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concluded that the specificity of the anaphylaxis reaction depends 
upon the chemical structure of the protein molecule since chemically 
similar proteins from seeds of different genera may react anaphylac- 
tically with one another, while chemically dissimilar proteins from the 
same seed in many cases fail to do so. 

D. Biological Relations of Seed Proteins. 

If the chemical and physical properties of the different proteins 
obtained from seeds are compared with one another, it will be noticed 
that they show many relations which are in harmony with the 
recognised botanical relations of the seeds from which they were 
obtained. The most marked instance of this agreement is shown by 
the protein constituents of the seeds of cereals. These contain a 
relatively large proportion of prolamins, which, as we have already 
stated, are characterised by yielding very little or no lysine and much 
proline, as well as much glutaminic acid and ammonia and also 
by yielding relatively little arginine and histidine. The physical 
properties and general behaviour of all these proteins are much alike, 
and present marked differences from the proteins obtained from other 
groups of seeds. The proteins from leguminous seeds resemble one 
another in many respects, but differ noticeably from those of the 
cereals. 

Preparations of legumin from the pea, horse-bean, lentil or Vetch 
are so nearly alike that no difference has been detected between them. 
The proteins of these seeds, while in the main resembling those 
from Phaseolus^ are not the same, for distinct but slight differences 
in properties, composition and products of hydrolysis have been 
established between them. The proteins of the cow-pea and soy- 
bean, though closely resembling, in many respects, the proteins of the 
legumes just mentioned, are not exactly the same, w'hile the proteins 
from different species of Lupinus present common characteristics but 
differ from the proteins of the other leguminous seeds. The proteins 
of LupinuSi however, resemble j^teins of other leguminous seeds more 
closely than they do those of hon-leguminous seeds. The proteins of 
different species of Juglans appear to be identical so far as they have 
been examined, but differ in one respect or another from the proteins 
of other plants. We thus find similar proteins only in seeds which are 
botanically closely related, and it would seem that these differences in 
the reserve food substances of the seeds must have an important bear- 
ing on the development of the embryo which derives its first food 
from them. This food substance, as well as the tissues of the embryo 
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itself, are the final products of the metabolism of the plant which 
produced them. When the embryo first develops it is supplied with a 
definite food which for each individual of the same species is the same, 
but for those of different species is different. Each member of a 
species thus begins its individual life under similar chemical conditions, 
but under chemical conditions which are different from those of every 
other species. It seems probable, therefore, that when the plant has 
reached a stage of development at which its organs of assimilation are 
able to furnish it with nutriment from its external surroundings, its 
chemical processes have already been established along definite lines 
which it must follow throughout the rest of its life. 


It 




BIBLIOGRAPHY. 


Abderhalobn, E. [1903, i]. Hydrolyse des Edestins. Zeit. physiol. Chem., 37, 499-505. 

Abderhaldbx, E. [1903, 2]. Nachtrag zur Hydrolyse des Edestins. Zeit. physiol. Chem., 
40, 249-250. 

Abderhalden, E. [1909]. Partielle Hydrolyse einiger Proteine. Zeit. physiol. Chem., 58, 
373-389. 

Abderhaldbn, E., und B. Babkin [1906]. Die Monoaminos&uren des Legumins. Zeit. 
physiol. Chem., 47, 354-358. 

Abderhaldbn, E., und O. Berghausen [1906]. Die Monoaminos&ttren non aus Kiirbis- 
samen dargestelltem, krystallinischem Eiweiss. Zeit. physiol. Chem., 49, 15-20. 

Abderhaldbn, E., und O. Emmerling [1907]. Abbau von Gliadin dnrch den Bacillus 
mesentericus vulgatus. Zeit. physiol. Chem., 51, 394-396. 

Abderhaldbn, E., und A. Gigon [1907]. Vergleiehende XJjitersuchungen Uber den Abbau 
des Edestins durch Pankreassafi allein und durch Magensaft und Pankreassaft. Zeit. 
physiol. Chem., 53, iig-125. 

Abderhaldbn, E., und Y. HamalXinin [1907]. Die Monoaminosduren des Avenins. Zeit. 
physiol. Chem., 52, 515-520. 

^ Abderhaldbn, E., und J. B. Herrick [X905]. Beitrag zur Kenntnis der Zusammenseizung 
des CongluHns aus Samen von Lupinus. Zeit. physiol. Chem., 45, 479-485. 

Abderhaldbn, E., und F. Malbnorbau [igo6}. Die Monoaminos&uren des Glutens. Zeit. 
physiol. Chem., 48, 513-518. 

Abderhaldbn, E., und B. Reinbold [1905]. Die Monoaminos&uren des “ Edestins ” aus 
Sonnenblumensamen und dessen Verhalten gegen Pankreassaft. Zeit. physiol. Chem., 
44, 284-293. 

Abderhaldbn, E., UND O. Rostoski [1905]. Die Monoaminos&uren des “Edestins" aus 
Baumwollsamen und dessen Verhalten gegen Magensaft. Zeit. physiol. Chem., 44, 
265-275. 

Abderhaldbn, E., und F. Samuely [1905, z]. Die Zusamtnensetzung des " Gliadins " des 
Weizenmekles. Zeit. physiol. Chem., 44, 276-283. 

Abderhaldbn, E., und F. Samuely [X905, 2]. Beitrag zur Frage nach der Assimilation 
des Nakrungseiteeiss im tierischen Organismus. Zeit. physiol. Chem., 46, Z93-200. 

Abderhaldbn, E., und Y. Teruuchi [1905]. Die Zusammensetzung von aus Kiefernsamen 
dargestelltem Eiweiss. Zeit. physiol. Chem., 45, 473-478. 

Abderhaldbn, E., und D. D. Van Slykb [igzx]. Die Bestimmung des Aminosiickstoffs in 
einigen Polypepiiden nach d^ Methods von van Slyke. Zeit. physiol. Chem., 74, 505- 
508. 

Agulhon, H. [19143. Etudes sur la ricin. Recherche de la ricine {toxine et agglutinine) 
dans les diffirentes esfeces et variites de ricin. Ann. Inst. Pasteur, 28, 8x9-822. 

Alexander, A. C. [1896]. The Rotary Properties of Some Vegetable Proteids. J. Exp. 
Med., I, 304-322. 

Andersen, A. C., und R. Roed-Muller [xpid]. Zur Kenntnis der Eiweisskorper, III. 
Zur Bestimnmng der Monoaminodicarjbons&uren. Biochem. Zeit., 73, 326-339. 

Anderson, R. J. [xgai]. Ac-erin. The Globulin of the Maple Seed (Acer saccharinum). 

J. Biol. Chem., 4$, 23-32. 

Anderson, R. J., and W..L. Kulp [X922], Analysis and Composition of Com Pollen. J. « 
Biol. Chem,, 30, 433''433.- 

Arrhenius, [X904]i Die Serumtherapie von physikalisch-ckemischen Gesichtspunkte. 
Zeit. Elektrochem^f xq, 6161-664, 666-679. 

Ascoli, a. [1899]. V fiber die. PUmtins&ure. Zeit. physiol. Chem., 28, 426-438. 



124 THE VEGETABLE PROTEINS 

Assmann, F. [igii]. Beitrage xur Kenntnis pjianzlicher Agglutinine. Pfliiger’s Archiv, 
137, 489-510. 

Balland, a. [1883, il. Menmre sur lesfarines, II. Compt. rend., 97, 496-497. 

Balland, a. [1883, 2]. Memoire sur lesfarines. III. Des causes de Valteration des farines. 
Compt. rend., 97, 631-652. 

Ballakd, a. [1893]. Sur la pr6e.vistence du gluten dans le Me. Compt. rend., IJ6, 202- 
204. 

Balland, A. [1899]. •Sm?' gluten coagiili et les matieres azotdes des farines. Compt. 
rend., 129, 312-314. 

Balland, A. [1902]. La Chimie Alimeniaire dans L^Oeuvre de Parmentier. Paris, J. B. 
Bailli&re et £ls. 

Barbieri, J. [1878]. Ueber die Eiweisssubstanz der Kilrbissamen. J. pr. Chem., 18, 102- 
116. 

Barlow, W. E. [1905]. On a Globulin Occurring in the Chestnut. J. Amer. Chem. Soc., 
27, 274-276. 

Baumann, E. [1882]. Ueber den von O. Loew und Th. Bohorny erbrachten Nachweis von 
der chemischen Ursache des Lebens. Pfluger’s Archiv, 29, 400 421. 

Beccari [1745]. Be Frumento. De Bononiensi Scientiarum et Artium Institute atque 
Academia Commentarii, 11., Part I., p. 122. 

Bence-Jones [1841]. Zusammensetzung der sUckstoffhaltigen N ahrungsmittel des Pflan- 
zcnreichs, des Albumins, des Gehirns und des Bigelbs. Annalen, 40, 65-69. 

Benedict, F. G., and C. R. Manning [X905]. The Determination of Water in Foods and 
Physiological Pr^arations. Amer. J. Physiol., 13, 309-329. 

Benedict, F. G., and C. R. Manning [1907]. The Determination of Water in Proteins. 
Amer. J. Physiol., 18, 2I3-22X. 

Benedict, F. G., and T. B. Osborne [1907]. The Heat of Combustion of Vegetable 
Proteins. J. Biol. Chem., 3, rig- 133. 

Berg, W. N. [1908]. A Comparative Study of the Hydrolysis of Different Proteins in 
Pepsin-Acid Solutions. J. Bidl. Chem., 4. Proceemngs, xlv. 

Berg, W. N., and W. J. Gies [1907]. Studies of the Effects of Ions on Catalysis, with 
Particular Reference to Peptolysis and Tryptolysis. J. Biol. Chem., 2 , 489-546. 

Bertarblli, E. [1904]. Die Verwendung der biologischen Methods xur Auffindung und 
Diagnose der Hulsenfruchtmehle mit besonderer Beruchsichtigung der Wsche. Centr. 
Bakt. Par., ii, 2te Abt., 8-13, 45-51. 

Bbrthelot et Andre [1891]. Chaleur de combustion des prineipaux composts azotes con- 
ientis dans les etres vivants et son role dans la production de la chaleur animate. Ann. 
Chim. Phys., (6), 22, 23-52. 

Berthollet. Quoted by Fourcroy on p. 363, vol. iii., of Elements of Chemistry and 
Natural History. Translated by R. Heron, London, 1796, 4 vols. 

Berzelius, J. J. [1827]. Ueber Pflanzenleim und Pffanzeneitoeiss. Poggendorff’s Ann. d. 
Phys. u. Chem., 86, 247-252. 

Berzelius, J. J. [1828, z], Pflanzenleim und Pflanzeneiweiss. Jahresbericht Uber die 
Fortschritte der physischen Wissetischaften (Berzelius), 7, 231-235. 

Berzelius, J. J, [1828, 2]. Srtr la gSlatine et Valbumine vigttales. A|in. Chim. Phys., 
(2), 37, 215-219. 

Von Bibra [i860]. Die Getreidearten und das Brod, viii., 502 S. Niimberg, Verlag von 
Wilhelm Schmid. 

Bizxo, B. [1822, i]. Analisi delgrano iurco (xea mays). Giornale di fisica, chimica, storia 
naturale, medicina ed arti, Brugnatelli, (2}, 5, 127-135. 

Bizio, B. [1822, 2]. Articolo di letiera del sig. Bizio al sig. Ccm. Bellani sulV analisi del 
gram turco. Giornale di fisica, chimica, storia naturale, medicina ed arti, BrugnatelU, 
(2}, s, 180. 

Bizio, B. [1S38]. Biblioteca italiana, 91, 58. Original not found. 

Bleunard, a. [1880]. Sur la Ugumine. Compt. rend., 90, xoSo-zqgi. 

Bokornv, T. [1887]. Netie Untersuchungen iiber den Vorgar^ der Silberabschddung durch 
actives Albumin. Jahrb. f. wissensem Botahik, x8, 194-2x7. 

Bokorny, T. [1894]. Eigenschaften, VerbreitungundBedeuiung desnichiorgamsirtenacHven 
■ Proteinstoffes. PHuger’s Archiv, 55, 127-142. 

Bokorny, T. [x8g6, i]. Ueber das Vorkommen des “ Gerbstoffes ’* in PflaniienreiiAe und 
seine Beziehung zum ahtiven Albumin. Chem. Zeit., 20, xo39-roa$. 


BIBLIOGRAPHY 


125. 


Bokorny, T. [1896, 2]. Vergldchende Siudieti ilber die Giftinirkung verschiedmer 
chemischer Substanzen bei Algeti tmd Ittfusorien. Giftige Eiweissstoffe. Pfliiger's 
Archiv, 64, 305-306. 

Bokorny, T. [rgoo, i]. Einiges ilber die Protmistoffe der Samen. Bot. Centr., 82, 289- 
306. 

Bokorny, T. [igoo, 2], Ucbey das Vorkommen von Albumin, Albmnose tmd Pepton in den 
vegetativen Pflanzentheilen. Pfliiger’s Archiv, 80, 4S-68. 

Bokorny, T. [igoo, 3]. Chemisch-physiologisches Uber die Hefe. Pharmac. Centralhalle, 
41. 737-739- 

Bokorny, T. [1902]. Enthalten die kdmendm Samen peptonisirmde oder cmdere proteo- 
lytische Enzyme ? Pfliiger’s Archiv, 90, 94-112. 


Bouchardat, A. [1842]. Sttr la composition immSdiaie de lafibrnte ; sur le gluten, I'albumin, 
le caseum. Compt. rend., 14, 962-967. 

Boullay, P. F. G. [1817]. Analyse des Amandes domes. Journal de Pharmacie et des 
sciences accessoires (a), 3, 33S-353. 

Boussinoault, J. B. [1836]. RechereJies sur la qimitite ^ Azote contenue dans les Fourrages, 
et sur leurs Equivalens. Ann. China. Phys. (a), 63, 225-244. 

Boussinoault, J. B. [1837]. Mimoire sur la quantiie de gluten contenu dans les farines le 
plusieurs especes de fromens cultivis dans le m&me sol. Ann. China. Phys. (a), 65, 301- 
320 - 


Braconnot, H. [1813]. Nouvelles recherches analytiques sur les champignons. Ann. China, 
(i). 87, 237-270. 

Braconnot, H. [1827]. MSmoire sur un principe particulier aux graines de la famille des 
ligumineuses, et analyse des pots et des haricots. Ann. China. Phys. (2), 34, 68-85. 

Braconnot, H. [1829]. Recherches chimique sur le pollen du typha latifolia, Lin. famille 
d. typhacees. Ann. China. Phys. (2), 42, QI-105. 

Braconnot, H. [1830], Memoire sur le caseum et sur le lait ; tiouvelles ressources qu'ils 
peuvent offrir d la sociStS. Ann, Chim. Phys. (2), 43, 337-351. 

Braconnot, H. [1831]. Examen chimique de la lie de vin. Ann, Chim. Phys. (2), 47, 
59*69- 


J. 


Brau.n, K., und E. C. Behrendt [1903]. Beitrag xur fermeniativen Spaltung der Fette, 
Oele und Ester, II. Mitteilung. Ber., 36, 1900-igii. 

Bribgbr, L. [1903]. Versuehe zur Reinigung des Ricins und des Diphtherieaniitoxins. 

Festschrift zum 6osten Geburtstage von Robert Koch, Jena, 445-450. 

Brown, H. T. (edited by) [1906.] Transactions of the Guinness Research Laboratory, i, 
Part II., 147-347. 

Bucholz, E. F. [1806]. Analyse des Hanfsamens. Neues allgem. J. d. Chem., 6, 615-630. 
Buslik, C. [1908]. Zur Kenntnis der Hydrolyse des Edestins, zoo S. Diss. Leipzig. 
Cadet, C. L. [1S01-1802]. Sur le gluten. Ann. China., An. X. (i), 41, 315-322. 

Cadet, C. L. [1803-1804]. Sur le sue de fapayer. Ann. Chim., An. XII. (i), 49, 230-234. 
Cajori, F. A. [igaij. Sotne Nutritive Properties of Nuts. II. The Pecan Nut as a Source 
of Adequate Protein. J. Biol. Chem., 49, 389-397. 

Chamberlain, J. S. [1904]. Determination of Gliadin and Glutcnin in Flour by the 
Fleurent-Manget Method. U.S.A. Dept. Agric., Bull. 81, 118-125. 

• Chamberlain, Jit S. [1906]. Investigations on the Properties of Wheat Protdns. J. Amer. 
Chem. Soc., 28, 1657-1667. 

Chevalier, J. [1906]. Sur I'iodo-maisine. Bull, gdndr. de thdrapeut., 151, 80-90. 
Chibnall, A. C. [1922]. Investigations an the Nitrogenous Metabolism of the Higher Plants. 
II. The Distribution of Nitrogen in the Leaves of the Runner Bean. Biochem. J., 16, 
344-362. 

Chibnall, A. C. [1923]. A New Method for the Separate Extrcection of Vacuole and 
Prot(^lasmic Material from Leaf Cells. J. Biol. Chem., 55, 333-342. 

Chibnall, A. C., and S. B. Schryver [1921]. Investigations on the Nitrogenotis Metabolism 

y of the Higher Plants. I. The Isolation of Proteins from Leaves. Biochem. J., 15, 
60^.75. : t 

CHiTTEiirDENj' R. H. [1893]. On the Proteolytic Action of Bromelin, the Ferment of Pine- 
appie-^uice. J, Physiol., 15, 249-3x0. 

/ 'Chittenden, R. H. 1^1894], . Digestive Proteolysis. Medical Record, 45, 449-453, 481-487. 
CHiTTENDE3i, R. H,, and J. Ai Hartwell [1890]. Crystalline Globulin and Globuloses, or 
VOdloses^r ^i PhySioL, II, 435-447. 


126 


THE VEGETABLE PROTEINS 


Chittenden-, R. H., and J. A. Hartwell [1891]. The Relative Formation of Proteoses and 
Peftones in Gastric Digestion. J. Physiol., I2, 12-22. 

Chittenden, R, H., and L. B. Mendel [1894]. On the Proteolysis of Crystallised 
Globulin. J. Physiol., 17, 48-80. 

Chittenden, R. H., and T. B. Osborne [1891-1892]. A Study of the Proidds of the Corn 
or Maize Kernel. Amer. Chem. J., 13, 453-468, 529-552, and 14, 20-44. 

Chittenden, R. H., and E. E. Smith [1890]. On the Primary Cleavage Products Formed 
in the Digestion of Gluten-Casein of Wheat by Pejisin Hydrochloric, Acid, J. Physiol., 
II, 410-434. 

' Cohn, E. J. [1920]. The Relation between the Isoelectric Point of a Globulin and its 
Solubility and Add Combining Capacity in Salt Solution. Proc. Nat. Acad. Sc., 6, 
256-263. 

• Cohn, E. J. [1921]. A Physicochemical Method of Characterizing Proteins, II. J. Biol. 

Chem., 46. Proceedings, iii-iv. 

• Cohn, E. J. [1922]. A Physicochemical Method of Characterizing Proteins, III. J. Biol. 

Chem., go, Proceedings, ix-xi. 

Cohn, F. [i860]. Ueber Proteinkrystalle in den Kartoffeln. J. pr. Chem., 80, 129-151. 

Cohn, F. [1867]. Beitrdge zur Physiologie der Phycochromaceen und Florideen. Arch. f. 
mikroscop. Anat., 3, 1-60. 

CoHNHBiM, O. [igoo], Ckemie der Eiweisskorper, x., 315 S. Braunschwieg, F. Vieweg 
u. Sohn. 

CoHNHEiM, O. [1904]. Ckemie der Eiweisskorper, 2te Auf., xii, 315 S. Braunschwieg, F, 
Vieweg u. Sohn. 

CoMMAiLLB, A. [1866]. Recherches sur la constitution chimique des substances albuminoides. 
Journal de Pharmacie et de Chimie {4), 4, 108-125. 

CoRNEViN, C. [1897]. Procide de vaccination centre I'empoisonnement par le ricin. Introduc- 
tion consecutive des graines et des tourteaux de ricin dans la ration des animaux immunises. 
Compt. rend., 124, 835-836. 

CoRREHS, C. [1894]. Ueber die vegetabilische Zellmembran, II. Enthdlt die Zellkaut, xum 
Mindesten so laiige sie wdehst, lebendes Prot plasma, ist ihr Wachsthum ein actives ? 
Jahrb. f. wissensch. Botanik, 26, 640-670. 

Cramer, C. [1862]. ^ Das Rhodospermin, ein krystalloidischer, quellbarer Korper, im 
. Zellinhalt versekiedener Florideen. Vierteljahrsschrift der naturforschenden Geseil- 

f scliaft in Zurich, 7, 350-365. 

CusHNY, A. R. [i8g8j. Ueber das Ricinusgift. Arch. f. exp. Path. u. Pbarm.,4X, 439-448. 

'-^•CzAPEK, F. [xgos]. Biochemie der Pflanzen, Zweiter Band, xii., 1026 S. Jena, Verlag 
von Gustav Fischer. 

Daikuh.ara, G. [1894]. On the Reserve Protein in Plants. Bull. Coll. Agr., Tokyo, 2, 
79 ' 96 . 

Daikuhara, G. [1895, i]. On the Reserve Protein in Plants, II. Bull, Coll. Agr., Tokyo, 
2,189-195. 

Daikuhara, G. [1895, 2]. Ueber das Reserve-Protein der Pflanzen. Flora, So, 90-95. 
Dakin, H. D. [1919]. On Amino-Acids. Part II. Hydroxyglutamic Acid. Biochem, J., 

13. 398-429- 

" Daniels, A. L., and R. Loughlin [1918]. Feeding Experiments with Peanuts. J. Biol. 
Chem., 33, 295-301. 

Daniels, A. L., and N. B. Nichols [1917]. The Nutritive Value of the Soy Bean. J. 
Biol. Chem., 32, 91-102. 

Danilewski, B. [iSSi]. Ueber die Verbrennungsw&rme der Eiweisshbrper und der Peptone. 
Centr. med. Wiss., 19, 463-467, 486-490. 

Danysz, j. [1902]. Contribution a V 6 tude des proprUtes el de la nature des mfUmges des 
toxines avec leurs antifoxines. Ann. Inst Pasteur, 16, 331-345. 

Denis, P. S. [1839]. Memoire sur le sang considSri quand il est fluide, pendant qu'il se eoagule 
et lorsquHl est mapiU, suivi <Tune notiee sur V application de la mithode d'experim^ta- 
tion par les sels a 4 tude des substances albuminoides ; memoire presents d. Vacademie 
des sciences le 20 dScembre, 1858, viii., 208 pp. Paris, J. B. Bailli^re et ills. 

Dennstedt, M. [1901]. Ueber den Abbau von Eiweiss. Chem. Zeit,, 25, 814-8x5, 832-836. 

Dennstedt, M., und F. H.assler [igo6]. Ueber den Abbau von Eiweiss. Zeit, physiol, 
Chem., 48, 489-504. 

Db Saussurb T., see Saussure. 



BIBLIOGRAPHY 


127 


Deyeur et Vauquelin [1797]. Observations sur Vetat aciiiel de Vmialyse vigitale, suivies 
d'une notice sur Vancdyse deplusieurs esphces de seves d'arbres. Journal de Pharmacie, I., 
No. 6, Therm 5, Aug., 46-48. Abstract by Scherer in Allgem. J. d. Chem., 1799, 2, 
260-270. Original not found. 

Dixson, T. [1886-87]. Ricinus communis. Australasian Medical Gazette, 6, 155-X58. 
Donard, £., BT H. Labbe [1902]. Sur une mature albuminoide extraite du grain de mais. 
Compt. rend., 135, 744-746. 

Donard, E., ET H. Labbe [1903]. Les motives albuminoides du grain de mais. Compt. 
rend., 137, 264-266. 

Dowell, C. T., and P. Menaul [1921]. Nitrogen Distribution of the Proteins Extracted 
by Dilute Alkali from Pecans, Peanuts, Kafir, and Alfalfa. J. Biol. Chem., 46, 
437-44I* 

Dox, A. W. [1909]. The Intracellular Enzymes <f Lower Fu7igi, Especially Those of 
Penicillium camemberti. J. Biol. Chem., 6, 461-467. 

Drechsel, E. [1879]. Ueber die Darstellung krysiallisirter Eiweissverbindungen. J. pr. 
Chem., 19, 331-333- 

Dreyer, G. [1913]. Beitr&ge zur Chemie der Hefe. 1. Ueber die Natur der Zellmembranen. 

II. Untersuchungen Uber das Nqfeeiweiss. Zeit. f. ges. Brauwesen, 36, 201-206. 
Dufour, j. [1882]. Etudes d'anatomie et de physiologic vegitcdes, 53 pp. Diss. Lausanne, 
Corbaz & Co. 

Dumas, J. B., et A. Cahours [1842]. Sur les matibres azotees neutres de V organisation. 
Ann. Chim. Phys. (3), 6, 385-448. 

Dumitriu, V. [1905]. Ueber die Zusammensetzung dies Weizenklebers. Chem. Zeit., 29, 
689. 

Dunbar [1903, x]. Zur Frage betreffend die Aetiologie und spezijische Therapie des 
Heufiebers. Berlin klin. Wochenschr., 40, 537-539, 569-572, 596-599. 

Dunb.\r [1903, 2]. Weiterer Beitrag zur Ursashe und spezijischen Heilung des Heufiebers. 
Deutsch. med. Wochenschr., 29, 149-152. 

Durham, H. E. [1913]. Einige Studien uber Abrus- und Rizinus-Samen. Arch. f. Hyg., 
81, 273-283. 

Dzierzgowski, S. K., et N. 0. Sibber-Schoumoff [1901]. Contribution d VHude de 
V action des ferments digestifs sur Vabrine et de sots sort dans le canal gasfro-intestinal. 
Archives des Sciences biologiques de St. Petersbourg, 8, 461-482. 

Ehrlich, F. [1891]. Untersuchungen uber Immunitat; Ueber Riein; II., Ueber Abrin, 
Deutsch. med. Wochenschr., 17, 976 and 12x8. 

Ehrlich, F. [1897], Zur Kenntniss der Antitoxinwirkung. Fortschr. Med., 15, 41-43. 
Einhof, H. [1805, 1]. Chemische Untersuchung der Kartoffeln. Neues allgem. J. d. Chem., 
4i 453"5 o8. 

Einhof, H. [1805, 2]. Chemische Analyse des Roggens (Secale cereale). Neues allgem. J. 
d. Chem., 5, 131-153- 

Einhof, H. [1806, x]. Chemische Analyse der kleinen Gerste {Hordsum vulgare). Neues 
allgem. J. d. Chem., 6, 62-98. 

Einhof, H. [x8o6, 2]. Chemische Analyse der Erbsen {Pisum sativum) und der reifen Sauboknen 
{Vicia faba). Neues allgem. J. L Chem., 6, IX5-X40. 

Einhof, H. [1806, 3]. Chemische Analyse der Linsen {Ervum lens) und der Schminkbohnen 
{Phaseolus vulgaris). Neues allgem. J. d. Chem., 6, 542-552. 

VON Eisler, M., und L. von Fortheim [xgoS]. Uber ein HOmagglutinin im Samen von 
Datura. Zeit. f. Immunitatsf. u. exper. Therap., l, 151-160. 

VON Eisler, M., und L. von Fortheim [1911]. Ueber Haemc^glutinine in Pflanzen. Ber. 
d. deutsch. Bot. Ges., 29, 419-430. 

VON Eisler, M., und L. von Fortheim [1912]. Ueber ein H&magglutinin in Euphorbien. 

Centr. Bakt. Par., I. Abt., Originale, 66 , 309-316. 

Elfstrand, M. [1897]. Ueber giftige Eiweisse welche Blutkdrperchen verkleben, xga S. 
Habilitationsschrift, Upsala. 

Elfstrand, M. [iSg8], Ueber Blutkorperchen agglutinirende Eiweiss. Gorbersdorfer 
Veroffentlichungen, herausgegeben von R. Kobeit, i, x-103. 

Embden, G. [1901]. Ueber den Nachweis von Cystin und Cystein unter den Spaltungs- 
produkten d^ EiweisskSrper. Zeit. physiol. Chem., 32, 94-103. 

Erb, W. [190X]. Ueber das Satzsdurebindungsvermdgen einiger reiner Eiweissk^per. 
Zeit. Biol., 41, 309-330. 



128 


THE VEGETABLE PROTEINS 


Fasau, H. [igi2]. Ueier eine colorimeiyiscke'Methode der quantitaUven Tvyptophanbestim- 
mung und Uber dm Tryptophangehalt der Horngehilde und anderer Eiweisskdrper. 
Biochem. Zeit., 44, 392-401. 

Felke, J. [1913]. Ueber die Giftstoffe der Samm von yatropha Curcas. Landw. 
Versuchs-Stat., 82, 427-463. 

Field, C, W. [1910]. A Study of an Extremely Pure Preparation of Ricin. J. Exp. Med., 

12 , 551-555* 

Finks, A. J., and C. O. Johns [1920]. Distributioji of the Basic Nitrogen in Phaseolin, 
J. Biol. Chem., 41, Z75-Z77‘ 

Finks, A. J., and C. 0 . Johns [1921]. Studies in Nutrition. IX. The Nutritive Value of 
the Proteins from the Chinese and Georgia Velvet Beans. Amer. J. Physiol., 57, 61-67. 
Finks, A. J., D. B. Jones, and C. O. Johns [1922]. The Role of Cystine in the Dietary 
Properties of the Proteins of the Cow-Pea, Vigna sinensis, and of the Field Pea, Pisum 
sativum. J. Biol. Chem., 52, 403-410. 

Fischer, E., und E. Abderhaldbk [19031. Ueber die Verdauung einiger Eivieisskorper 
durch Pankreasfermente. Zeit. physiol. Chem., 39, 81-94. 

Fischer, E., und E. Abderhalden (1907). Bildung von Polypepiiden bei der Hydrolyse der 
Protnne. Ber., 40, 3544-3562. 

Fischer, E., und E. S. London LiQh]* Bildung von Prolin bei der Verdauung von Gliadin. 
Zeit. physiol. Chem., 73, 398-400. 

, Fleurent, E. [1893]. Recherches sur la cotistitution des matieres albuminoides extraiies 
de Vorganisme vig6tal. Compt. rend., 117, 790-793. 

Fleurent, E. [1895]. Siir la constitution des malices albuminoides vegetales. Compt. 
rend., 121, 216-219. 

Fleurent, E. [1896, 1]. Sur la composition immediate du gluten des cirSales. Compt. 
rend., 123, 327-330. 

Fleurent, E. [1896, 2]. Sur une mSthode chimique d' appreciation de la valeur boulangere 
desfarines de bU. Comp, rend., 123, 755-738. 

Fleurent, E. [1898, i]. Contribution A VSfude des matieres albuminoides contmues dans 
lesfarines des Ugumineuses et des c&recdes. Comp, rend., 126, I374-13'77. 

Fleurent, E. [1898, 2]. Sur la rSpartition du gluten et de ses principes immSdiats dans 
Vamande farineuse du grain de froment. Compt rend., 126, 1592-1595. 

Fleurent, E. [i8g8, 3]. Composition iUmmtaire du glutm. Bulletin de la Socidtd 
d’Encouragement pour I’Industrie nationale. 

Fleurent, E. [1905]. Recherches sur Vaction exercie par dijferents agents physiques et 
chimiques sur le glutm des farines de bU; conditions du dosage de cet (ISment. Bull. 
Soc. chim., 33, 81-101. 

Flexner, S. [1897]. The Histological Changes Produced by Ricin ondAbrin Intoxications. 

J. Exp. Med,, 2, 197-216. / 

Folin, O., and W, Denis [1912], Tyrosine in Protons as Determined by a New Colori- 
metric Method. J. Biol. Chem., 12, 245-251. 

Folin, O,, and J. M. Looney [1922]. Colorimetric Methods for the Separate Determination 
of Tyrosine, Tryptophane, and Cystine in Proteins. J. Biol. Chem., 51, 421-434. 

Ford, W. W. [1913]. Plant Poisons and Their Antibodies. Centr. Bakt. Par., I. Abt 
Ref., 58, 129-162, 193-222. *' 

Foreman, F. W. [1910]. Hydrolysis of the Protein of Linseed. J. Agric. Sc., 3, 358-382. 

Fourcroy, a, F. [1789]. Sur Vexistence de la matilre albumineuse dans les vigetaux. Ann. 
Chim, (i), 3, 252-262. 

Fourcroy, A. F. [1802]. Recherches chimique sur le pollm,ou la foussiire fScondanie du 
Dottier d'Egypte, Phoemx dactylifera. Annales du museum national d’histoire 
naturelle, Paris, i, 417-438. 

Fraenkel, a. [1904]. Ueber die Wirkung des Ricins auf Fisckblut. Beitr. chem. Physiol 
Path., 4, 224-233. . - 

Frankel, E. M. [1916]. A Comparative Study of the Behaviour of Purified Proteins 
towards Proteolytic Enzymes. J. Biol. Chem., 26, 31-59. 

Frankfurt, S. [1896]. Zur Kmntnis der chemischm Zusammmsetzung des ruhendm Reims 
von Triticum vulgare. Landw. Versuchs-Stat, 47, 449-470. 

Fremy, E. [1835]. Analyse des iubercules d^Igname de Chine {Dioscorea Batatas Dene) 
culiivis au Museum pendant Vannee Compt. rend., 40, 128-132. 

Furtjp, O., und W. Fleischmann [1922]. Ueber die Ermittelung des Tyrosingehaltes von 
Proteinen. Biochem. Zeit, 127, 137-149. ' 


BIBLIOGRAPHY 


129 


Fcrth, O., und_ F. Lieben [1920]. Colorimetrische Untersuchungen ilber das Tryptophan. 
II. Methodische Untersuchungen uber die colorimetrische Tryptopkanbestimmung auf 
Grund der Voisenetschen Recihtion sowie iiber die Anwendung derselbm auf Eiiaeiss- 
korper und Organe. Biochem, Zeit., 109, 124-152. 

Forth, O., und F. Lieben [192X1 i]. Colorimetrische Untersuchungen Uber das Tryptophan 
IV. Ueber die Melanoidinbildung bei der S&urehydrolyse von Proteinen itwd ihre 
Abhangigkeit von Tryptophccnkomplexen. Biochem. Zeit., 116, 224-231. 

FtJrth, O., und F. Lieben [1921, 2]. Colorimetrische Untersuchuyigen uber das Tryptophan. 
VI. Ueber den Tryptophangehalt einiger Nahrungsmittel und den Tryptophanbedarf des 
erwachsenen Menschen. Biochem. Zeit., 122, 59-85. 

Gabriel, S. [iS 39 j i]» Ueber denN&hrwerth verschiedensr Eiteeisskorper. J. Landw,,37, 
^ 75 "^ 97 " 

Gabriel, S. [18891 2]. Quantitative Versuche ‘&ber die Wirkung von heissetn Wasser auf 
verschiedene Eiteeisskorper. ]. Landw., 37, 335-345. 

Galeotti, G. [1898]. Beiirag zur Kenntniss der bacteriellen Nucleo-proteide. Zeit. 
physiol. Chem., 25, 48-63. 

Galeotti,^ G., und G. Giamfalmo [1908]. Ueber die Losungsverhaltnisse des Zeins in 
verschiedenen Losmigsmitteln. Zeit. f. Chem. u. Industr. d. Kolloide, 3, 118-126. 

Gasis, D. [igo8]. Ueber die Unterscheidung verschiedensr P/lanzeneiweissarfen mit Hilfe 
spezifischer Sera. Berlin klin. Wochenschr., 45, 358-360. 

Gasfar, J. [1899], Adatok a Buzasikir Chemiai OsszeUtel&hez. Mathematikai ds 
Termeszettudomdnyi Ertesito, 17, No. 4, 481-489. Reference Jahresbericht der Thier- 
chemie, 1899, 29, 51. 

Gay-Lussac, L. J. [1833]. Sur la pr&sence de V azote dans touies les semences. Ann. Chim. 
Phys. [2], S3, iio-iii. 

Glegg, R. a. !_igo4]. Hay Fever : Recent Investigations on its Cause, Prevention and Treat- 
ment. J. Hygiene, 4, 369-406. 

Gorham, J. [1821]. Ancdysis of Indian Corn. Quarterly Journal of Science, Literature 
and the Arts, n, 206-208, 

Gorup-Besanez, V. [1874]. Leucin neben Asparagin in dem frischen Safte der Wickenkeime. 
Ber., 7, 146-147. 

Gorup-Besanez, V. [1877]. Glutaminsdure aus dem Safte der Wickenkeimlinge. Ber.. 
10, 780-782. 

Gottstein, a. [1893]. Ueber die Zerlegung des Wassersfoffsuperoxyds durch die Zellen mit 
Bemerkimgen Uber eine makroskopische Reaction fUr Bakterien. Virchow’s AriAivf. 
path. Anat. u. Physiol, u. f, klin. Med., 133, 295-307. 

Greaves, J. E. [1911]. Some Factors Infltiendtgthe Quaniitaiive Determination of Gliadin. 
J. Biol. Chem., g, 271-293. 

Green, J. R. [1886, 1]. Proteid Substances in Latex. Proc. Roy. Soc., 40, 28-39. 

Green, J. R. [1886, 2]. On the Changes in ike Proteids in the Seed which Accompany 
Germination. Proc. Roy. Soc., 41, 466-469. 

Green, J. R. [1890]. On the Germination of the Seed of the Castor-oil Plant (Ricinus com- 
munis). Proc. Roy. Soc., 48, 370-392. 

Gren, F. a. C. [1809]. Grundriss der Chemie, Dritte Ausgabe., Erster Theil, xxxii., 601 
S., Zweiter Theil, xvi., 790 S. Halle und Berlin, Buchhandlung des Hallischen Waisen- 
hauses, Zweiter Theil, 24-25 and 28-29. 

Griessmaybr, V. [1897]. Die Proteide der Geireidearten, Huisenfriichte und Oelsamen 
sowie einiger SteinfrUchte, xvi. , 301 S. Heidelberg, Carl Vl^nter’s Universitatsbuch- 
handlung. 

GRdH, J., UND G. Friedl [1914]. Beitrdge zu den physikalischchemischen Bigenschaften 
der alkohollBslichen Proteins des IVeizens und Roggens, Biochem. Zeit., 66, 154-164, 

Grubler, G. [x88i]. Ueber. ein krystallimsches Eiweiss der KUrbissamen. J. pr. Chem., 

_ 23,97-137- 

Gumbbl, T. [1904]. Ueber die Verteilung des Stickstoffs im EiweissmolekUl. Beitr. chem. 
Physiol, Path,, 5, 297-312. 

GIinzberg, R. [1861]. Ueber die in Wasser loslichen Bestandtheile des Weizenklebers.. 
Sitzungsber. K. Akad. Wien Math. Wiss. Kl., 44, II. Abtheilung, 429-444. Reprinted 
J. pr. Chem., 1862, 85, 213-229. 

Guthrie, F. B. [1896]. The, Absorption of Waier by the Gluten of Different Wheats-.. 
Agricultural Gazette of New So^ Wales, 7, 583-589. 

9 



130 


THE VEGETABLE PROTEINS 


Hammarsten, O. [1918]. Einige Bemerkungen Ubar das Erbsenlegumin. Zeit. physiol. 
Chem., 102, 85-104. 

Hanks, M. T., and K. K. Koessler [1920]. Studies on Proteinogenous Amines. VII. 
The Quantitative Coloritnetric Estimation of Histidine in Protein and Protein-Containitig 
Matter. J. Biol. Chem., 43, 527-542- 

Hansbn, a. [1893]. Ueber Stoffbildung bet denMeeresalgen, Mitth. zool. Station Neapel, 
II, 255-305. 

Hanson, E. K. [1909, i]. Phycoerythrin, the Pigment of the Red Algae. Proc. Chem. 
Soc., 25, 117-118. 

Hanson, E. K. [1909, 2]. Observations on Phycoerythrin, the Red Pigment of the Deep- 
Water Algae. New Phytologist, 8, 337-344- 

Hart, E. [1901]. Ueber die quantitaUve Bestimmung der Spaltungsprodiikte von Eiweiss- 
korpern. Zeit. physiol. Chem., 33, 347-362. 

Hartig, T. [1855]. Ueber das Klebermehl. Bot. Zeit., 13, 881-882. 

Hartig, T. [1856]. Weitere Mittheilungett, das Klebermehl (Aleuron) betreffend. Bot. 

Zeit., 14, 257-268, 273-281, 297-305, 313-319. 329-335- 
Hausmann, W. Ligoo]. Ueber die Vertheihing des Stickstoffs in EiuieissmolekUl. Zeit. 
physiol. Chem., 29, 136-145. 

Hausmann, W. [1902]. 2 ur Kenninis des Abrins. Beitr. Chem. Physiol. Path., 2, 
134-142. 

Hausmann, W., und W. Kolmer [1907]. Ueber die Einzvirkung kolloidaler Gifte auf 
ParamOcien. Biochem. Zeit., 3, 503-507. 

Hayashi, H. [1903]. Ueber die peptischen Spaltungsprodiikte des Weinenklebereiweisses 
Artolin. Arch, f- exp. Path. u. Pharm., 52, 289-314. 

Hbdin, S. G. [1893]. Ueber die Bildung von Arginin aus Profeinkorpem. Zeit. Physiol. 
Chem., 21, 155-168. 

Heldt, W. [1843]. Notis iiber den in Alkohol loslichen Bestandtheil des Roggenmehls, 
Annalen, 45, 198-200. 

Hellin, H. [1891]. Der giftige Eiweisskorper Abrin und seine Wirkung auf das Blut, 
108 S. Diss. Doipat, Karow. 

He.nderson, L. J., and E. J. Cohn [1918]. On the Siaelling of Protein Colloids. J. 
Amer. Chem, Soc,, 40, 857-861. 

Henderson, L. J., E. J. Cohn, P. H. Cathcart, J. D. Wachmann, and W. O. Fenn 
[1919]. A Study of the Action of Acid and Alkali on Gluten. J. Gen. Physiol., I, 

459-472. 

Henderson, Y. [1900]. Zur Kenntniss des dutch SOuren abspaltbaren Stickstoffes der 
Eiweisskdrper. Zeit. Physiol. Chem., 29, 47-50. 

Hbnriques, V., UND J. K. Gjaldbak [1911]. Ueber hydrolytische Spaltungen von Pro- 
teinen durch Einwirkung von Pepsin, Trypsin, Sduren und Alkalien. Zeit. Physiol. 
Chem. 75, 363-409- 

Hbrmbstadt [1831]. Versuche und Beobachtungen Uber die chemische Zergliederun^ 
vegetabilischorganischer Erzeugnisse ilberhaupt und der Getreidearten insbesondere ; mit 
RUcksicht des Einflusses der DUngungsmittel auf die Bestandtheile der Letztem. J. f. 
tech. u. okonom. Chem., I 2 , 1-53. 

Herzebed, E. [1913, 1]. Ueber Indolbildung bei der alkalischen Hydrolyse der Eiweiss- 
kSrper. Biochem. Zeit., 56, 82-94. 

Herzfeed, E. [1913, 2]. Ueber eine quantitative Tryptophanbestimmungsmethode. Biochem. 
Zdt., 56, 258-266. 

Hbrzig, j., und E. Landsteiner [1914]. Ueber die Methylierung von Biweissstoffen. 
Biochem. Zeit., 61, 458-463. 

Hbrzig, J., und K. Landsteiner [1918]. Ueber die Methylierung der Eiweissstojfe, 
Monatsh., 39, 269-284. 

Herzig, j., und H. Libb [1921]. Ueber die Desdminoproteine. Zeit. Physiol. Chem., 
117, r-i2. 

Heuseval, M. [1900]. Uabrine du ySquirity. La Cellule, 17, 141-196. 

Hbyl, F. W. [1919]. The Protein Extract of Ragweed Pollen. J. Amer, Chem, Soc., 
41, 670-682. 

Hbyl,, F. W., and H. H. Hopkins [1920]. The Ragweed Pollen Proteins. J. Amer, 
Chem. Soc., 42, 1738 - 1743 - 

Hitchcock, D. I. [1922]. The Colloidal Behaviour of Edestin. J. Gen: Phydol'., 4, 

597-615- 


BIBLIOGRAPHY 13 1 

Hlasiwetz, H., und J. Habermann [1871]. Ueher die Proteinstoffe. Annalen, 1591 

304-333- 

Hlasiwetz, H., und J. Habermann [1873]. Ueber die Proteinstoffe. Annalen, 169, 
150-166. 

HoajLand, R. [igii]. The Determination of Gliadin or Alcohol-Soluble Protein in 
Wheat Flour. J. Industrial and Engineering Chem., 3, 83S-842. 

Hofmann, J. [1901]. Ueber die chemisehen Besiandteile eitiige Pilze. Diss. Zurich. 
Hofmeister, F. [1902]. Ueber Bau und Gruppierung der Eiweisskbrper. Ergeb. d. 
Physiol., I, 759-802. 

Hofmeister, W. [1867]. Hccndbuch der physiologischeti Botaniky Bd. I., Abth. I. 
Leipzig, Engelmann. 

Hogan, A. G. [1916]. The Nutritive Properties of Com. J. Biol. Chem., 27, 193-208. 
Hogan, A. G. [1917]. Com as a Source of Protein and Ash for Growing Animals. J. Biol. 
Chem., 29, 485-493. 

Hogan, A. G. [igi8]. The Nutritive Properties ofKafirin. J. Biol. Chem., 33, 151-159. 
von Holle, G. [1858]. Beitr&ge zur naheren Kenntniss der Proteinkorner im Samoa der 
Gewachse. Neues Jahrbuch fur Pharmacie, 10, i. 

Holzner, G. [1S74]. Gesehichte der Krysialloide. Flora, Regensburg, 32, 413-416. 
Hoppe-Seyler, F. [1866-71, 1]. Ueber das Vitellin, Ichihin und ihre Beziehung zu den 
Eiweissstoffen. Medicinisch-chemische Untersuchungen, 213-220. 

Hoppe-Seyler, F. [1866-71, 2]. Ueber die chemische Zusammenseizutig des Eiiers. Med- 
icinisch-chemis^e Untersuchungen, 486-501. 

Hoppe-Seyler, F. [1879]. Ueber Lecithin und Nuclein in der Bierhefe. Zeit. physiol. 
Chem., 2, 427-429. 

Huber, P, [1911]. Untersuchungen Uber die chemische Zusamniensetzung des Bimen- und 
Apfelsamen. Landw. Versuchs-Stat., 75, 443-461. 

Hubert, H. [1914]. Ueber das massenkafte Auftreten von Eiweisskristalloiden in Kartoff- 
elbldttem. Osterr. Bot. Zeit., 64, 273-277. 

Hunter, A. [1907]. Ueber die Verbindungen dev Protamine niit anderen Eiweisskorpem. 
Zeit. physiol. Chem., 53, 526-538. 

IsHii, J. [1894]. Occurrence of Mucin in Plants. Bull. Coll. Agr., Tokyo, 2, 97-100. 

IWANOFF, K. S. [1902]. Ueber die Zusammensetzung der Eiweissstoffe und Zellmembranen 
bei Bakterien und Pilzen. Beitr. chem. Physiol. Path., i, 524-537. 

Jacoby, M. [1901]. Ueber die chemische Natur des Ricins. Arch. f. exp. Path. u. Pharm., 
46, 28-40. 

Jacoby, M. [1902, r], Ueber Ricin-Immunitat. Beitr. chem. Physiol. Path,, 1, 51-77. 
Jacoby, M. [1902, 2]. Ueber Ricin-Immunit&t, Zwate Mittheilung. Beitr. chem. Physiol. 
Path., 2, 535-544- 

Jacoby, M. [1903]. Ueber Phytotoxine. Biochem. Centr., i, 289-293. 

Jacoby, M. [1905]. Ueber die Empfindlichkeit und das Rezeptionsvermogen der Zellen bei 
normalen und immunisierten Tieren. Beitr. chem. Physiol. Path., 6, 113-131. 
JoDLBAUER, A., USD H. V. Tappeiner [1905]. Ueber die Wirkung fluoreszierender Stoffe 
auf Toxine. Arch. f. klin. Med., 85, 399-415, 

JOHANNSEN, W. [i8S8]. Om Gluten og deis Plods i Hvedekomet. Meddelelser fra Carls- 
berg Laboratoriet, 2, 332-356, with French r^sum4, 199-208. 

John [1814]. Ueber den Befruchtungsstaub, nebst einer Analyse des Tulpenpollens. J. f. 
Chem. u. Phys., X2, 244-252. 

^ Johns, C. O., and J. F, Brewster [1916]. Kafirin, an Alcohol-Soluble Protein from Kafir, 
Andrtpogon sorghum. J. Biol. Chem., 28, 39-65. 

Johns, C. O., and -L. H. Chernoff [zgi8]. The Globulin of Buckwheat, Fagopyrum fago- 
pyrum. J. Biol. Chem., 34, 439-445. 

Johns, C. O., and A j. Finks [1918]. Stizolobin, the Globulin of the Chinese Velvet Bean, 
Stixolobium niveUm. J. Biol. Chem., 34, 429-438. 

J OHNS, C. O., AND A. JfF^Ks [1919], Lysine as a Hydrolytic Product ofHordein. J. Biol. 
Chem., 38, "63 v;66? ;;; 

Johns, C. G., and [1920]. Studies iii Nutrition: JI. The R 6 le tff Cystine in 

Nutrition ds Exeinp^M .by Nutrition Experiments with the Proteins of the Navy Bean, 
Phaseolus vulgarisr-j^Ji.'Biol. Chem., 41, 379-389. 

Johns, C. O.V'xSd' " Studies in Nutrition: VII. The Nutritive Value of 
the Proteins Bean,- Phaseolus angularis. Amer. J. Physiol., 56, 208-2x2. 

9* 



132 


THE VEGETABLE PROTEINS 


JoHUS, C. O., A. J. Finks, and C. E. F. Gersdorff [1919]. ' Globulin of the Cocoanutf 
Cocos nucifera. -■ I. Preparation of Cocoanut Globulin. Distribution of the Basic Nitro- 
gen in Cocoanut Globulin. J. Biol. Chem., 37, 149-153. 

Johns, C. O., A. J. Finks, and M. S. Paul [1919]. Studies in Nutrition. I. The Nutri- 
tive Value of Cocoanut Globulin and Cocoanut Press Cake. J. Biol. Chem., 37, 497-502. 

Johns, C. O., A. J. Finks, and M. S. Paul [1920]. Studies in Nutrition. III. The Nutri- 
tive Value of Commercial Corn Gluten Meal. J. Biol. Chem., 41, 391-399. 

Johns, C. O., and C. E. F. Gersdosfp [1920]. The Globulin of the Cohune Nut, Attalea H 
cohune. J. Biol. Chem., 45, 57-67. 

Johns, C. O., and C. E. F. Gei<Sdorff [1922]. The Proteins of the Tomato Seed, Solanum 
esculentum. J. Biol. Chem., 51, 439-452. 

- Johns, C. O., and D. B. Jones [1916]. The Proteins of the Peanut, Arachis hypogeea.^ 

I. The Globulins Arcuhin and Conarachin. J. Biol. Chem., 28, 77-87. 

- Johns, C. O., and D. B. Jones [1917. ij- The Proteins of the Peanut, Arachis hypogeea.,, 

II. The Distribution of the Basic Nitrogen in the Globulins Arachin and Conarachin. 

J. Biol. Chem., 30, 33-38. 

Johns, C. O., and D. B. Jones [1917, 2]. The Protmns of the Peanut, Arachis hyfogaa.-^ 
Proc. Nat. Acad. Sc., 3, 365-369. 

Johns, C. O., and D. B. Jones [1918, i]. The Determination of Tyrosine in Proteins. 

J. Biol. Chem., 36, 319-322. 

Johns, C. O., and D. B. Jones [1918, 2]. The Proteins of the Peanut, Arachis hypogcect.'-/ 

III. The Hydrolysis of Arachin. J. Biol. Chem., 36, 491-500. , 

Johns, C. O., and D. B. Jones [1920]. Some Amino-Acids from the Globulin of the 
Cocoanut as Determined by the Butyl Alcohol Extraction Method of Dakin. J. Biol. 
Chem., 44, 283-290. 

Johns, C. O., and H. C. Waterman [1920, i]. Some Proteins from the Georgia Velvet 
Bean, Stizolobium deeringianum. J. Biol. Chem., 42, 59-69. 

/Johns, C. 0 ., and H. C. Waterman [1920, 2]. Some Proteins from the Mung Bean, 

^ Phaseolus aureus Roxburgh. J. Biol. Chem., 44, 303-317. 

Jones, ^ D. B,, A. J. Finks, and C. E. F. Gersdorff [1922]. A Chemical Study of the Pro- 
teins of the Adsuki Bean, Phaseolus angularis. J. Biol. Chem., 51, I03-II4. 

Jones, D. B., A. J. Finks, and H. C. Waterman [1922]. A Note on the Nutritional 
Adequay of the Proteins of the Chinese and Georgia Velvet Beans with Reference to 
Amino-Acid Composition. J. Biol. Chem., 52, 209-210. 

Jones, D. B., C. E. F, Gersdorff, C. O. Johns, and A. J. Finks [1922]. The Protdns 
of the Lima Bean, Phaseolus lunatus. J. Biol. Chem,, 33, 231-240. 

^O^ONES, D. B., and C. O. Johns [1916]. Some Proteins from the yack Bean, Canavalia 
ensiformis. J. Biol. Chem., 28, 67-75. 

Jones, D, B., and C. 0 . Johns [1918], The Hydrolysis ofKafirih. J. Biol. Chem., 36, 

323-334. 

JoNBS, p. B., AND C, O. Johns [1919]. The Hydrolysis of Stizolobin, the Globulin of the 
Chinese Velvet Bean, Stizolobium niveum. J. Biol. Chem., 40, 435-448. 

Jones, D. B., and C. 0 . Johns [1920]. Hydrolysis of the Globulin of the Cocoanut, Cocos 
nucifera. J. Biol. Chem., 44, 291-301. 

y/joNES, D. B., and H. C. Waterman [1921]. The Basic Amino-Acids of Glycinin, the 
Globulin of the Soy Bean, Sofa hisfOta, as Determined by Van Slyke’s Method. J. Biol. 
Chem., 40, 459-462. 

Jones, D. B., and H. C. Waterman [1922]. Studies oj' the Digestibility of Protdns in 
Vitro. III. On the Chemical Nature of the Nutritional Deficiendes of Arachin. J. 
Biol. Chem., 52, 357-366. 

Jordan, J. L. [1801]. Zerlegung der Pflanzen Sitfte. Allgem. J. d. Chem., 5, 331-334. 
^/Kajiura, S. [1912]. The Protdns of Rice. Biochem. J., 6, 171-181. 

Kammann [1904]. Zur Kenntnis des Roggen-Pollens und des darin enthaltenen Heufieber- 
giftes. Beitr. chem. Physiol. Path., 5, 346-354. 

Kammann, O. [19x2]. Wdtere Studien Uber das Pollentoxin. Biochem. Zeit., 46, 151-169. 

Keller, F. [1849]. Bdtr&gezurldentitSislehrederschwefel- undsUckstoffhaltendenThier- 
und Pflanzenstoffe. Annalen, 72, 24-38. 

Kellner, O. [1880]. Ueber die Bestimmung der nicht zu den Eiwdsskdrpem zcthlenden 
Stickstoffverbindungen in den Pflanzen. Landw. Versuchs-Stat., 24, 439:433. 


BIBLIOGRAPHY 


133 


Kern [i 38 o]. Quoted by Kellner. Ueber die Beetimmimg der nicht zu den Eiweisskorpern 
z&hUnden Stickstoffverbindimgen in den PJlanzen. Landw. Versuchs-Stat., 24, 439- 
453 - 

Kessel-Meyer [1759]. Ds quorundam vegebilium principio nutriente, 31 pp. Argentorati 
typ., S. Kiirsneri. 

Kiesel, a. [rgo6]. Ein Beitmg zur Kenntnis der VerOndertingen welche die stickstoff- 
halt gen Bestandteile jrttner PJlanzen infolge von Lichtabschluss erleiden. Zeit. 
physiol. Chem., 49, 72-80. 

Kiesel, A. [1922, i]. Beitrag zur Kenntnis des Ghitencaseins des Buchtueizens. Zeit. 
physiol. Chem., 118, 301-303. 

Kiesel, A. [1922, 2]. Zur Kenntnis des Hefeeiweisses. Zeit. physiol. Chem., ii 8 , 304-306. 

Kiliani, H. [19131 i]* Ueber a- und fi-Antiarin und fiber krystallisiertes Eiweiss aus 
Atitiaris-Saft. Ber., 46, 667-6S0. 

Kiliaki, H. [1913, 2]. Neues fiber den Antiaris-Saft. Ber., 46, 2179-2188, 

Kirkwood, J. E., axd W. J. Qies [1902]. Chemical Studies of the Cocoanut with Some 
Notes on the Changes during Germination. Bull. Torrey Bot. Club, 29, 321-359. 

Kjeldahl, j. [1S92}. Untersuchungen Uber das optische Verhalten einiger vegetabilischer 
Eiweisskorper. Bied. Centr., 1896, 25, 197-199. From Forhandlinger ved de skand- 
inaviske Naturforskeres 14 Mode i., Kjobeiiliavn, S. 385-390. 

Klein, J. [1871]. Ueber die Krystalloide einiger Florideen. Flora, Regensburg, 28, 161-169. 

Klein, J. [1882, i]. Die Krystalloide der Meeresalgen. Jahrb. f. wissensch, Botanik, 13, 
23 - 59 - 

Klein, J. [1882, 2], Die Zellkern-Krystalloide von Pinguieula und Utricularia. Jahrb, f. 
wissensch. Botanik, 13, 60-73. 

Kleinschmitt [1907, i]. Hydrolyse des Hordeins. Zeit. physiol. Chem., 54, ixo-xi8. 

Kleinschmitt [1907, 2]. Hydrolyse des Hordeins, 34 S. Inaug. Diss. Heidelberg. 

Klemm, P. [1892, x], Ueber die Aggregationsvorg&nge in Crassulaceensellen, Ber. d, 
deutsch. Bot. Ges., 10, 237-242. 

Klemm, P. [1892, 2]. Beitrag zur Erforschung der .AggregationsvorgUnge in lebenden 
PJlanzenzellen. Flora, 75, 395-420. 

Klinkenbbrq, W. [1882]. Ueber die Nucleine. Zeit. physiol. Chem., 6, 566-571. 

Knaffl-Lenz, E. [1913]. Ueber die Bedeutung des Tryptophangehaltes fUr die P^ton- 
wirkung. Arch. f. exp. Path. u. Pharm., 73, 292-3x2. 

Kobert, R. [igoo]. Ueber vegetabilische Bluiagglutinine. Archiv. des Vereins der 
Freunde der Naturgeschichte in Mecklenberg, 54, xiii.-xxi. 

Kobert, R. [19x3]. Beitrage zur Kenntnis der vegetabilischen Hamagglutinine. Landw. 
Versuchs-Stat., 79-80, 97-205, 

Konig, j., und P. Rintelen [1904]. Die Profeinstoffe des Weizenhlebers. Zeit. Nahr. 
Genussm., 8, 40X-407. 

Kossel, a. [1879]. Ueber das Nuclein der Hefe. Zeit. physiol. Chem., 3, 284-291. 

Kossel, a. [1880]. Ueber das Nuclein der Hefe, zweitCT’ Theil. Zeit. physiol, Chem., 4, 
290-295. 

Kossel, A. [1881]. Untersuchungen Uber die Nucleine und ihre Spaltungsprodukte, 19 S. 
Strassburg, Karl J. Triibner. 

Kossel, A. [1886]. Weitere BeitrSge zur Chemie des Zellkerns. Zeit. physiol. Chem., 
10, 248-264. 

^ Kossel, A. , und F. Kutscher [xgoo]. Beitrdge zur Kenntniss der Eivoeisskorper. Zeit. 
physiol. Chem., 31, 165-2x4. 

Kossel, A., und A. J. Patten [1903]. Zur Analyse der Hexonbasen. Zeit. physiol. Chem., 

38,39-45- 

Kotake, Y., UNU If. Knoop [igxx]. Ueber einen krystallisierten Biweisskorper aus dem 
Milchsafte der Anfiaris toxicaria. Zeit. physiol. Chem., 75, 488-498. 

Kowarski, a. [xgox]. Ueber den Nachuieis von pflanzlichem Eiweiss auf Uologischem Wege. 
■Deutsch. med. Wochenschr., 27, 442. 

Kraft, W. [1909]. Ueber Hordein und Bynin, 34 S. Inaug. Diss. Wurzburg. 

Kraft, W. [19x0]. Ueber ' Horddh und Bynin. Beitrdge zur Kenntnis der alkohollSslichen 
Eiweissstojfe-der Gersteaend des- Maizes, Zeit. f. ges. Brauwesen, 33, 193-195. 

Krasser, F. [1887], Unt^suchuhgen Uber das Vorhommen von Eiweyss in der pflanzlichen 
Zcllhautyneb^t Bemerleungm^ber den mikrochemischen Nachm^Aer EiweisskSrper. 
Monatsh., 7, 673-697^ • - . - U;?? 



134 


THE VEGETABLE PROTEINS 


Kraus, R. [1902]. Ztir Theorie der Agglutination. Zeit. f. Heilkunde, 23, 369-390. 

Krawkow, N. [1897]. Ueber die Kohlenhydratgrufpe im Eiweisemolek&l. Pfliiger’s 
Archiv, 65, 281-298. 

Kreusler, W. [1869]. TJeber die Proteinstoffe des Hafers. J. pr. Chem., 107, 17-38. 

Kutscher, F. [igoi]. Cliemische XJntersuchungenlUber die Selbstgahrung der Hefe. Zeit. 
physiol. Chem., '32, 71-78. 

Kutscher, F. [1903]. Beitrage zur Kenntttis der Eivieisskorfer. Zaieite Mittheilung. 
Zeit. physiol. Chem., 38, 111-134. 

Kylin, H. [1908]. Undersokningar ofver detroda farg&mnet has Ceramium ruhrum. Svensk 
Botanisk Tidskrift, Stockholm, 2. Proceedings, 93. 


Kylikt, H. [1910]. TJeber Phykoerythrin und Phykocyan bei Ceramium rubrum (Huds.) Ag. 
Zeit. physiol. Chem., dg, 169-239. 

Kylin, H. [igi2]. Ueber die roten und blauen Farbstoffe der Algen. Zeit. physiol. Chem., 

76, 396-425- 

• Lake, G. C., _T. B, Osborne, and H. G. Wells [1914]. The Immunological Relationship 
of Hordein of Barley and Gliadin of Wheat as Shoten by the Complement Fixation, 
Passive Anaphylaxis, and Precipitin Reaction. The Biological Reactions of the Vege- 
table Proteins, IV. J. Infect. Diseases, 14, 364-376. 

Landsteinee, K., und N. Jagic [1904]. Ueber Reaktionen'anorganischer KoUoide und 
Immunkorperreaktion. Munchen. med. Wochenschr., 51, 1185-1189. 

Lasdsteinee, K., und H. Racbitschek [1907]. Beobachtiingen Uber HOmolyse mid 
H&maggluiination. Centr. Bakt. Par., 45, 660-667. 

Landsteiner, K., und H. Raubitschek [1909]. Ueber die Adsorption von Immun- 
stoffen, V. Biochem. Zeit., 15, 33-51. 

Langstein, L. [1903]. Hydrolyse des Zeins dutch Salzs&ure. Zeit. physiol. Chem., 37, 
508-512. 


Lasche, a. [1895]. Untersuchungen Uber das Nuklein der He/e. Jahresher. u. d, Fort- 
schritte in d. Lehre von d. Garimgsorganismen, 6, 49-50. 

Lau, C. [xgoi], Ueber vegeiabilis'che Blutagglutinine, 64 S. Diss, Rostock. 

Leipziqbr, R. [1899]. Ueber Stoffwechselversuche mii EdesUn, Pfliiger’s Archiv, 78, 
402-422. 

Lemport, E. [1897]. Ueber das Pepton der silssen Mandeln. Phaimaceut. Zeit. f. Russland. 
36, 528-529. 

Lenze, F. [igog]. Ueber Haemagglutinine der Leguminosen, 23 S. Diss. Giessen. 

Levene, P. a., and L. B. Mendel [1901]. Some Decomposition Products of the Crystallised 
Vegetable Proteid Edestin. Amer. J. Physiol., 6, 48-52. 

Levites, S. j. [igog]. Ueber die Desamidoproteine. Biochem. Zeit., 20, 224-230. 

Liebermann, L. [i8go]. Nachweis der Metaphosphorsdure im Nuclein der Hefe. Pfliiger’s 
Archiv, 47, 135-160. -/ 6 

Liebermann, L. [1905]. Sind Toxine Fermente ? Deutsch. med. Wochenschr., 31, 1301- 

1305- 

Liebermann, L. [1907, 1]. Ueber Hamogglutination und H&matolyse, Arch. Hygiene, 
62, 277-289. 

Liebermann, L. [1907, 2]. Ueber HGmagglutination und HOmaiolyse. Biochem. Zeit,, 4, 
25 - 39 - 


Liebermann, L. [igo8]. Hamogglutination und H&molyse. Centr. Bakt. Par, , Oiiginale, 

47. 372-378* 

Liebig, J. [1841], Ueber die stickstoffhaltigen Nahrungsmittel des PflafUsenreichs, 
Ann^en, 39, 129-160. 

Liebig, J. [1844], Ueber die Entstehung des Albumins in den Pflanzen. Annalen, 51, 
286-287. 

Liebig, J. [1846]. Ueber den Sehwefelgehalt des 'sftiksioffhaltigen Bestandthnls der 
Erbsen. Annalfia, 57, 131-I33. ' 


Lindet, L., et L. Ammaiw ti967]4 Sur le pouvoirfotat^'e deiproteines extraites defarines 
decer6alesparValcdkdl ague&x.- Bull. Soc. chim., iii' 9687974. . 

Link, H. F. [1815J. Vergleichwig des Eiw^ssesinit dm Hleher. J. f. Chem. u. Phys., 
14, 294-301. 

Loew, O. [1882, 1]. Einige'iteiieri Bemerki^M zU vofstehender Mitiheitung. Pfliiger’s 
Archiv, 28, 97-98. 


BIBLIOGRAPHY I35 

Loew, O. [18S2, 2]. Ueher den chemischeti Character des lebenden Protoplasmas. Bot. 
Zeit., 60, 427-432. 

Loew, O. [1883, i], Ueber einige eigenthUmliche VerHndiingen von Silber mit eiweiss- 
arUgeti Korpern. Ber. 16, 2707-2709. 

Loew, O. [1883, 2]. Bin wdterer Bezeeis, dass das Eizveiss des lebenden Protoplasmas eine 
andere chemische Constitzition besitzi, ah das des ahgestorbenen. Pfliiger’s Archiv, 
30, 348-362. 

Loew, 0 . [1883, 3]. Zur Kenniniss des activen Albumins. Pfluger’s Arcliiv, 32, 111-121. 

Loew, 0. [1895]. Ueber das active Reserve-Biweiss in den PJlanzen. Flora, 80, 68-6g. 

Loew, O. [1896]. The Energy of Living Protoplasm, iv., 115 pp. London, Kegan Paul, 
Trench, Triibner & Co. 

Loe-w, O. [1898]. Ueber Protoplasma und actives Biweiss zur Abwekr. Bot. Centr., 74 i 
5-13- 

Loew, O. [1900]. Professor W. Pfeffer and the Active Albumin. Botanical Gazette, 29, 
357- 

Loew', O., und T. Bokoeny [1881, i]. Ueber die Aldehydnatur des lebenden Protoplasmas. 
Ber., 14, 2508-2512. 

Loew, O., und T. Bokorny [i88r, 2]. Die chemische Ursache des Lebens, theoretisch und 
experimentell tiachgewiesen, 59 S. Mxinchen, J. A. Finsterlin. 

Loew, O., und T. Bokorny [1882, die reducirenden Eigenschaften des lebenden 

Protoplasmas. Ber., 15, 695-698."^ 

Loew, O., und T. Bokorny [1882, 2]. Die chemische Kraftquelle im lebenden Protoplasma. 
Zweite Auilage der ScLift " Die chemische Ursache des Lebens,” Mhnchen, 
Finsterlin. 

Loew, O., und T. Bokorny [xSSz, 3]. Ehiige Bemerkungen iiber Protoplasma. Pfluger’s 
Archiv, 28, 94-96. 

Loew, O., und T. Bokorny [1887]. Ueber das Vorkommen von acHvem Albumin im Zell- 
soft und dessert Ausscheidung in Kornchen dttrch Basen. Bot. Zeit., 45, 850-S58. 

Loew, O., und T. Bokorny [1888]. Die chemische Beschaffenhmt des protoplasmaiischen 
Eimeisses nachdem gegenwdrfigen Stand der Untersuchungen. Biologische Centr., 8, 
1-8. 

Loew, O., und T. Bokorny [1889, 1]. Ueber das Verhalten von Pflanzetizellen zu stark 
verdunnter alkalischer Silberlosung. Bot. Centr., 38, 581-484, 6x2-6x5. 

Loew, O., und T. Bokorny [1889, 2]. Ueber das Verhalten von Pflanzenzellen zu stark 
verdUnnier alkalischer SilberlSsung, JI. Bot Centr., 39, 369-373, and 40, X6X-X64. 

Loew, O., und T. Bokorny C189X]. Versuche fiber aktives EiweissfUr Vorlesung und 
Praktihim. Biologisches Centr., XI, 5-X4. 

Loew, O., und T. Bokorny [1892]. Zur Chemie der Proteosomen. Flora, 76, 1x7- X29, 

Loew, O., und T. Bokorny [X893]. Nachschrift. Bot. Centr., 33, 187-189. 

Lobwenbrrg, P. [X849]. Ueber Legumin. Poggendorff’s Ann. d. Phys. u. Chem., 154, 
327-338. 

Luers, H, [igig]. Ueber die Identit&f von Hordein und Bynin, Biochetn. Zeit., g6, 
X17-X32. 

I McCollum, E. V. [xgx7]. The Supplementary Dietary Relationships among our Natural 

* Foodstuffs. J. Amer. Med. Assn., 68, 1379-1386. 

McCollum, _E. V., N. Simmonds and H. T. Parsons [192X, x]. Supplementary Protein 
Values in Foods. II. Supplementary Dietary Relations between Animal Tissues and 
Cereal and Legume Seeds. J. Biol. Chem., 47, X3g-i73. 

McCollum,^ E. V., N. Simmonds and H. T. Parsons [xgax, 2]. Supplementary Protein 
Values in Foods. Ill, The Supplementary Dietary Relations between the Proteins of 
the Cereal Grains azid the Potato. J. Biol. Chem., 47, X73-206. 

McCollum, ^E. V., N. Simmonds and H. T. Parsons [xg2x, 3]. Supplementary Protein 
Values in Foods. IV. The Supplementary Relations of Cereal Grain with Cereal 
Grain; Legume Seed with Legume Seed; and Cereal Grain with Lqgume Seed; with 
Respect to Improvement in the Quality of Their Proteins. J. Biol. Chem., 47, 207-234. 

McCollum, E. V., N. Simmonds and H. T. Parsons £1921, 4]. Supplementary Protein 
Values in Foods. V. 'Supplementary Relations of the Proteins of Milk for those of 
Cereals and of Milk for those of Legume Seeds. J. Biol. Chem., 47, 235-247. 

McCollum, E. V., N. Simmonds and W. Pitz [1916]. Dietary Deficiencies of the Maize 
Kernel. J. Biol. Chem., 28, X53-X65. 



THE VEGETABLE PROTEINS 



136 


Mack, W. R. [1903]. Ueher das Vorkommen von Pepion in Pfianzensamen, 3 ^ ^ * 

Leipzig. 

Mack, W. R. [1904]. Veber das Vorhommen von Pepton in Pfianzensamen. J 

Chem., 4^ 259-273. 

Madsen, T., et L. Walbum [1904, 1]. Toxines et antitoxines de laricine et de I 

Bull, de I’Acad. Royale des Sciences et Lettres de Danemark, 81-103. 

Madsen, T., et L. Walb:;m [1904, z]. Toxines et antitoxines. L'influence de ten. 
sur la Vitesse de reaction. Bull, de I’Acad. Royale des Sciences et des 
Danemark, 425-456. 

Malfati, H. [1891-923. Zur Chemie des Zellkems. Beiichte des naturwissezA®^^^ 
medicinischen Vereins in Innsbruck, 20, 21. Abstract Bot. Centr., 1893, 55, 

Mann, G. [1906]. Chemistry of the Proteids, xviii., 606 pp. London, Macmillan 
Marcet, F. [1S27]. Note sur VanaXyse de qnelques substances vegitales. Ann, OW 
afij 27-34- 

Marion [zgo6]. Dosage optique de lagliadine dans lesfarines de bles iendres^ 
du commerce. Ann. Chim, anal., 11, X34-136. 

Martin, S. H. C. [18S4]. Papain-Digestion. J, Physiol., 5, 213-230. 

M.\rtin, S. H. C. [1885, 1]. Report on the Action of Papain. Brit. Med. J-, 

■“ ■ Martin, S. H. C. [1885, 23. The Nature of Papain and its Action on Vegetetbier Jt. 
J. Physiol., 6, 336-360. 

Martin, S- H. C. [18863. Report on Gluten and the Proteids of Flour. Brit. IVXcdl 
ZC4-105. 


J. 


7 


Martin, S. H. C. [1887, 13. On Two Classes of Vegetable Globulins. 
viii.-ix 

Martin, S. H. C. [1887, 23. The Proteids of the Seeds of “ Abrus precatorius ’* 

Proc. Roy. Soc., 42, 331 - 334 - 

Martin, S. H._ C. [1889, i 3 - Report on Proteid Poisons, with Special References to - 
the fequirity Abrus precatorius”). Brit. Med. J., 2, 184-187. 

Martin, S. H. C. [1889, 23. The Toxic Action of the Albumose from the Seeds *• 
precatorius." Proc. Roy. Soc., 46, 100-108. 

' Martin, S. H. C., and R. N. Wolfenden [18893. Physiological Action of' tHc 
Principle of the Seeds of ” Abrus precatorius.” Proc. Roy. Soc., 46, 94-100. 

Maschke, O. [18583. Krystallisirte Casemverbindung. J. pr. Chem,, 74, 436-43 

Maschke, O, [18593. _ Ueber den Bait und die Bestandtheile der KleberblOschen- *«. JSi 
leiia deren Entwickelung in Ricinus nsbst einigen Bemerkungen liber Amytonblii 
Bot. Zeit., 17, 409-413, 417-425, 429-432, 437 - 447 - 

Mathewson, W. E. [19063. The Optical Rotation of Gliadin in Certain Organic 
J. Amer. Chem. Soc,, 28, 1482-1485. 

Mathewson, W. E. [19083. On the Analytical Estimation of Gliadin. J. A-mess*. = 
Soc., 30, 74-81. 

May, C. E., and E. R. Rose [19223. The Tryptophane Content of Some Proteins.. J 
Chem., 54, 213-216. 

Meisenheimer, j. [19193. Die stickstofFhaltigm Bestandteik der Hefe. Zeit. n! 
Chem,, 104, 229-283. * 

Meisenheimer, J. [19213. Die sUckstoffhalIngen Bestandteile der Hefe. II. JO is i 
basen und Diaminos&uren, Zeit. physiol. Chem., 114, 205-249. 

Meissi., E., und F. Bocker [18833. ^eber die Bestandtheile der Bohnen von “ Sofa. His 
Sitzungsber. K. Akad. Wien Math. Wiss. KL, 87, 372-391. 

Mendel, L. B. [1909, 13. Vegetable Aggluiutins. ]. Biol. Chem., 6. Proceodingl 

Mendel, L. B. [1909, 23. Observations oh Vegetable' Hemagglutinins. ArcHi* 
Fisiologia, 7, 168-177. 

Mendel, L. B., and E. C; Schneider [19013. On the Excretion tf Kynurenic Acid 

J. Physiol., S, 427-456. - - * ; 

Merlis, M, [18973, Veber die Zusammehsetzimgdef'Sa^eii^rti'der etiolierien Kcirm 
von “ Lupinus ar^stifolius ” Li Landw. V^hfefe^tat, j 419-454. ^ ■ 

Michaelis, L., und K. Stoindorff [igbC^.* VehbideWirkung des Rizins eaif' Ssr-nA 
Organzellen in vitro. Biolidiem. Zeit,, 2'i ■ I 

Miessnerund Rewald Die men BmmpercTum dure H 

samen. Zeit. f. Immunitats£ u. ^«i; 51 eEa^j' 2 j. 323^349. I 



BIBLIOGRAPHY 


137 


Miller, H. G. [1921], Nitrogen Compounds in Alfalfa Hay. J. Amer. Chem. Soc., 43, 
2656-2663. 

Model [1774]. Quoted bv Parmentier on p. 451, vol. ii., of Recreations physiques, economi- 
ques et chimiques de M. Model. Paris, Monory, 2 vols., 1128 pp. 

Morner, C. T. [r886]. Beitrdge zur Kenntniss des Ndhriserthes einiger essbaren Pilze. 
Zeit. physiol. Chem., 10, 303-516. 

Molisch, H. [1894]. Phycoerythrin, seine Krystallisirbarkeit und chemische Natur. 
Bot. Zeit., 52, 177-189. 

Molisch, H. [1S95]. Das Phycocyan, ein krystallisirbarer Eirveissli&rper. Bot. Zeit., 53, 

131-135. 

Molisch, H. [igo6]. Untersuchungen aber das Phyhocyan. Sitzungsber. K. Akad. Wien 
Math. Wiss. Kl., 115, Abt. i, 795-816. 

Morishima, K. [1898]. Ueber den Eiweissstqff des Weizenklebers. Arch. f. exp. Path. u. 
Pharm., 41, 345-354- 

Mulder, G. J. [1838]. Zusammensetzung von Fibrin, Albumin, Leimzjtcker, Leucin, usw. 
Annalen, 28, 73-82. 

Mulder, G. J. [1839]. Ueber die Zusammensetzung einiger thierischen Substanzen. J. pr. 
Chem., 16, 129-152. From Bulletin des sciences physiques et naturelles en Neerlande, 
p. 104. 

Mulder, G. J. [1844]. Ueber den Pflanzeideim. J. pr. Chem., 32, 176-178. From 
Scheikundige Onderzoekingen gedaau in het laboratorium der Utrechtsche Hooge- 
school, II. Deel, S. 154. 

Mulder, G. J. [1848]. Ueber die Proteinverbindungen des Pfianzenrdches. J, pr. Chem., 
44 i 503-505. From Scheikundige Onderzoekingen gedaau in het laboratorium der 
Utrechtsche Hoogeschool, 4, 404-420. 

Muller, A, [1852]. Bdtrdge zur Kenntniss der Hefe, J. pr. Chem., 57, 162-169. 

MOller, F. [1899]. Beitr&ge zur Toxikologie des Ricins. Arch. f. exp. Path. u. Pharm., 

• 42, 302-322. 

Muller, F. [1900]. Ueber einigepathologisch-anatomische Befunde bei der Ricinvergiftung. 
Beitr. zur path. Anat. und zur allgem. Path., 27, 33X-348. 

^[IkAGEL, 0 . [1903]. On Vegetable Protein. J. Soc. Chem. Ind., 22, 1337-1338. 

Naoeli, C. [1S62]. Ueber die erystall&hnlichen ProteinkSrper und ihre Verschiedenheit von 
uiahren Crystallen. i. Ueber die cats Proteinsubstanzen bestehenden CrystMoide in der 
Paranuss. 2. Farbcrystalloide bei den Pflanzen. Sitzungsber, K. Akad. Munchen, 2, 
120-134. 

Nageli, C., und O. Loew [1878]. Ueber die chemische Zusammensetzung der Hefe. 
Annalen, 193, 322-348. 

Nasmith, G. G. [1902-03]. The Chemistry of Wheat Gluten. Trans. C anadi an Inst., 7, 

497-515. 

Nencki, M. [1884]. Ueber das Eiweiss der Milzbrandbacillen. Ber., 17, 2605-2609. 

Nencki, M., und F. Schaffer [1879]. Ueber die chemische Zusammensetzung der 
F&ulmssbacterien. J. pr. Chem., 20, 443-466. 

Neuberg, C. [1908]. Lipolyse, Agglutinalion und Hdmolyse, IV. Biochem. Zeit., 11, 
400-403. * 

Neuberg, C.,.und £. Rosenberg [1907]. Lipolyse, Agglutination und Homolyse. Berlin, 
klin. Wchnschr., 44, 54-56. 

Neumeister, R. [1894]. Ueber das Vorkommen und die Bedeutung eines eiweissldsenden 
Enzyms in jugendlichen Pflanzen. Zeit. Biol., 30, 447-463. 

Noad, H. M. [1847]. On the Composition of Legumine. Chemical Gazette, 6, 357-360. 

Northrup, j. H. [1919]. The Effect of Various Acids on the Digestion of Proteins by 
Pepsin. J. Gen. Physiol., l, 607-612. 

Norton, F. A. [1906]. Crude Gluten. J. Amer. Chem. Soc., 28, 8-25. 

Norton, J. P. [1848]. Account of Some Researches on the Protein Bodies of Peas and 
Almonds m%d a Body of a Somewhal Similar Nature Existing in Oats. Amer. J. 
Science and Arts (2), 5, 22-33. 

Obermayer, F., und E. P. Pick [1906]. Ueber die chemischen Grundlagen der Arteigen- 
schaften der Eiwmsskorper. Wiener klin. Wochenschr., 19, 327-334, 

O’Brien, M. [1895]. The Proteids of Wheat, Ann. of Bot., 9, 171-226, 543-348. 
Opfbnhbimer, C. [1904]. Toxine und Antitoxins, 228 S. Jena, G. Fischer. 


138 


THE VEGETABLE PROTEINS 


Osborne, T. B. [1891]. The Protdds or Albtminoids of the Oat-Kernel. Amer. Chem.. 

Jm 13. 327-347. 385-413- 

Osborne, T. B. [1892, i]. Proieids or Albuminoids of the Oat-Kemel, JI. Amer. Chem.^ 
J., 14, 212-224. 

Osborne, T. B. [1892, 2]. Protdds of the Flax Seed. Amer. Chem. J., 14, 629-661. 
Osborne, T. B. [1892, 3]. Crystallised Vegetable Proteids. Amer. Chem. J., 14, 662-689. 
Osborne, T. B. [1893]. The Protdds or Albvmindds of the Oat-Kemel. Memoirs of the 
National Academy of Science, 6, 51-87. 

Osborne, T. B. [1894]. The Protdds of the Kidney Bean. J. Amer. Chem. Soc., 16, 
633-643. 703-712, 757-764- 

Osborne, T. B. [1895, i]. The Proteids of the Rye-Kernel. J. Amer. Chem. Soc., 17, 
429-448. 

Osborne, T. B. [1895, 2]. The Protdds of Barley. J. Amer. Chem. Soc., 17, 539-567. 
Osborne, T. B. [1895, 3]- Chemical Nature of Diastase {First Paper). J. Amer. 

Chem. Soc., 17, 587-603. 

Osborne, T. B. [1897, 1]. The Proteose of Wheat. Amer. Chem. J., 19, 236-237. 
Osborne, T. B. [1897, 2]. The Amount and Properties of the Proteids of the Maize-Kernel.. 
J. Amer. Chem. Soc., 19, 525-532. 

Osborne, T. B. [1898]. Die chemische Natur der Diastase. Ber., 31, 234-259. 

Osborne, T. B. [1899]. On Some Definite Compounds of Protdn Bodies. J. Amer. Chem. 
Soc., 21, 486-493. 

Osborne, T. B. [1901, 1]. Bin hydrolyUsches Derivat des Globulins Edestin und sdn 
Verhaltniss zu WeyVs Albuminat und zur Histongruppe. Zeit. physiol. Chem., 33, 
225-239, 

Osborne, T. B. [1901, 2]. Der basische Charakter des ProteitmolekUls und das Verhalten 
des Edestins zu bestimmten Mengen von Sdure und Alkali. 2eit. physiol. Chem., 33, 
240-292. 

Osborne, T. B. [igoi, 3]. A Type of Reaction by which Sodium Carbonate and 
Hydrochloric Acid may be formed, in the Animal Organism. Amer. J. Physiol., 5, 
180-181. 

Osborne, T, B. [1902, 1]. A Hydrolytic Derivative of the Globulin Edestin and its 
Relation to WeyVs Albuminate and the Histon Group. J. Amer. Chem. Soc., 24, 28-39. 
Osborne, T. B. [1902, 2]._ The Basie Character of the Protein Molecule and the Reaction 
of EdesUn with Definite Quantities of Acids and Alkalis. J. Amer. Chem. Soc., 24, 

39-78. 

Osborne, T. B. [1902, 3]. Sulphur in ProtHn Bodies. J. Amer. Chem. Soc., 24, 140-167. 
Osborne, T. B. [1907]. The Proteins of the Wheat-Kernel, iig pp. Publication No. 84, 
Carnegie Institution of Washington, D.G. 1 

Osborne, T. B. [igo8, i]. The Biological Relations of Seed Proteins. Proc. Soc. Exp. 
Biol. Med., 5, 105-107. 

t Osborne, T. B. [igo8, 2]. Our Present Knowledge of Plant Proteins. Science, N.S., 28, 
417-427. " 

Osborne, T. B. [igio, 1]. Die Pflanzenprotnne. Ergb. d. Physiol., 10, 47-215. 

Osborne, T, B. [igio, 2]. Die Proteine der Pflanzenwelt. Contribution to Biochemisches 
Handlexikon, 4, 1-50. Julius Springer, Berlin. * 

} Osborne, T. B. [1910-11]. The Chemistry of the Proteins. The Harvey Lectures, 67-89. 

Osborne, T. B. [1913]. The Nutritive Value of the Proteins of Maize. Science, 37, 
185-191. 

Osborne, T.- B^ [1915]. Protdne der Pflanzenwelt. Contribution to Biochemisches 
Handlexikon, 9 (2. Erganzungshand),. i-ii. Julius Springer, BerEn. 

Osborne, T. B., and G; F. CampbeItI. [1896, i]. The Chemical Nature of Diastase 
{Second Paper). J. Amer. Chem. Soc., 18, 536-542. , 

Osborne , T. B., and G.-:F.^GAa£PBEi,r. [1896, 2]. The FiOtddsUf Malt, J. Amer. Chem. 

Soc., 18, 542-558.> ^ ' 

Osborne, T. B., and G; F. Campbell [1896, 3],. .Thfi ProtHds of the Potato. J. Amer. 
-Chem. Soc., iS, 575-582. 

Osborne, T. B., and G.' Fv, Campbell [1896^ 4]. D^pimin and Other Proieids of the Pea 
and the Vetch. J. Amer .Chem. Soc., z8, 583-609'; 

Osborne, T. B., and G. F.> ^m^^ell D^6,v^i.. . CongluUn and Vitellin. ■ J. Amer. Chem. 
Soc., 18,609-623. . ' .yt..'; .,5...^'.,,,., 


BIBLIOGRAPHY 


139 

Osborne, T. B., and G. F. Campbell [1897, i]. The Pfotein of Lupin Seeds. J. Amer. 
Chem. Soc., 19, 454-482, 

Osborne, T. B., and G. F. Campbell [1897, 2]. Effect of Minute Quantities of Acid on 
the Solubility of Globulin in Salt Solutiotis. J. Amer. Chem. Soc., 19, 482-487. 

Osborne, T. B., and G. F. Campbell [1897, 3]. The Proteids of the Sunflower Seed. J. 
Amer. Chem. Soc., 19, 487-494. 

Osborne, T. B., and G. F. Campbell [1897, 4]* Proteids of the Cow Pea. J. Amer. 
Chem. Soc., 19, 494-500. 

Osborne, T. B., and G. F. Campbell [1897, 5]. Proteid of the White Podded Adzuki Bean. 
J. Amer. Chem. Soc., 19, 509-513. 

Osborne, T. B., and G. F. Campbell [1898, i]. Proteids of the Pea. J. Amer. Chem. 
Soc., 20, 348-362. 

Osborne, T. B. , and G. F. Campbell [i8g8, 2]. Proteids of the Lentil. J. Amer. Chem. 
Soc., 20, 362-375. 

Osborne, T, B., and G. F. Campbell [1898, 3]. Proteids of the Horse Bean. J. Amer. 
Chem. Soc., 20, 393-405. 

Osborne, T. B., and G. F. Campbell [1898, 4]. Proteids of the Vetch. J. Amer. Chem. 
Soc., 20, 406-4x0. 

Osborne, T. B., and G. F. Campbell [1898, 5]. The Proteids of the Pea, Lentil, Horse 
Bean, and Vetch. J. Amer. Chem. Soc., 20, 410-419. 

Osborne, T. B., and G. F. Campbell [1898, Q. Proteids of the Soy Bean. J. Amer. 
Chem. Soc., 20, 4x9-428. 

Osborne, T. B., and G. F. Campbell [1900J. The Nucleic Acid of the Embryo of Wheat 
and its Protein Compounds. J. Amer. Chem. Soc., 22, 379-413. 

, Osborne, T. B., and S. H. Clapp [igo6]. The Chetnistry of the Protein Bodies of the 
Wheat-Kernel, Part. Ill , ; Hydr^ysis of the Wheat Proteins. Amer. J. Physiol., 17,* 
231-265. 

Osborne, T. B., and S. H. Clapp [1907, i]. Hydrolysis of Legtimin from the Pea. J. 
Biol. Chem., 3, 2x9-225. 

Osborne, T. B., and S. H. Clapp [1907, 2]. A New Decomposition Product of Gliadin. 
Amer. J. Physiol., 18, 123-128. 

Osborne, T. B., and S. H, Clapp [1907, 3]. Hydrolysis of Phaseolin. Amer. J. Physiol., 

18. 295-308. 

Osborne, T. B., and S. H. Clapp [1907, 4], Hydrolysis of Bxcelsin. Amer. J. Physiol., 

19. 53-60. 

Osborne, T. B., and S. H. Clapp [1907, 5]. Hydrolysis of Hordein. Amer. J. Physiol., 
19, 117-124. 

Osborne, T. B., and S. H. Clapp [1907, 6]. Hydrolysis of Glycinin from the Soy Bean. 
Amer. J. Physiol., 19, 468-474. 

Osborne, T. B., and S. H. Clapp [1907, 7]. Hydrolysis of the Crystalline Globulin of the 
Squash Seed (“ Cucurbita maxima ”). Amer, J. Physiol., 19, 475-481. 

Osborne, T. B., and S. H. Clapp [1908, i]. Hydrolysis of Amandin from the Almond. 
Amer. J. Physiol., 20, 470-476. 

Osborne, T. B., and ^ H. Clapp [1908, 2]. Hydrolysis of the Proteins of Maize, “ Zea 
mays." Amer, J. Physiol., 20, 477-493. 

Osborne, T. B., and S. H. Clapp [1908, 3]. The Hydrolysis of Gliadin from Rye. Amer. 
J. Physiol., 20, 494 - 499 - * 

Osborne, T. B., and R. D. Gilbert [igo6]. The Proportion of Glutaminic Add yielded 
by Various Vegetable Proteins when Decomposed ^ Boiling with Hydrochloric Acid. 
Amer. J. Physiol., 13, 333-356. 

V OsfiORNE, T. B., and H. H. Guest [1911]. Analysis of the Products of Hydrolysis of 
Wheat Gliadin, J. Biol. Chem., 9, 425-438. 

V ][ OshORNS, T. B., AND 1 . F. Harris [1903, x]. Nitrogen in Protein Bodies. J. Amer. Chem. 
Soc„ 23, 323,353. 

Osbor;^, B., ANh I. F. Harris [1903, 2], The Carbohydrate Group in the Protein 
Mol^^e, J. -Amer. Chem. Soc., 25, 474-478. 

Bv, AND I. F. Harris [1903, 3]. The Precipitation Limits with Ammonium 
Sulphate of Some Vegetable Proteins. J. Amer. Chem.. Soc., 25, 837-^42. 

OsBofiNS^-.^. B., AND I. Pi , Harris [1903,4]. The Specific Rotation of Some Vegetable 
ProteiM. - -J. Amer. Chem. Soc., 25, 842-848. 



140 


THE VEGETABLE PROTEINS 


OSBOKNE, T. B., AND I. F. Harris [1903, 5]. The Globulin of the English Walnut, the 
American Blcick Walnut, and the Butternut. J. Araer. Chem. Soc., 25, 848-853. 

Osborne, T. B., and I. F. Harris [1903, 6]. The Tryptophane Reaction of Various Pro- 
teins. J. Amer. Chem. Soc., 25, 853-853. 

Osborne, T. B., and I. F. Harris [1905, i]. The Chemistry of the Protein Bodies of the 
Wheat-Kernel, Part I., Protein Soluble in Alcohol and its Glutaminic Acid Content. 
Amer. J. Physiol., 13, 35-44- 

Osborne, T. B., and I. F. Harris [1905, 2]. The Precipitation Limits •with Ammonium 
Sulphate of Some Vegetable Proteins {Second Paper). Amer. J. Physiol., 13, 436-447. 
Osborne, T. B., and I. F. Harris [1905, 3]. The Solubility of Globulin in Salt Solution. 
Amer. J. Physiol., 14, 151-171. 

Osborne, T. B., and I. F. Harris [rgoS]. The Chemistry of the Protein Bodies of the 
Wheat-Kernel, Part II., Preparation of the Proteins in Quantity for Hydrolysis. 
Amer. J. Physiol., 17, 223-230. 

Osborne, T. B., and I. F. Harris [1907]. The Proteins of the Pea {“ Pisum sativum ”). 
J. Biol. Chem., 3, 213-217. 

Osborne, T. B., and F. W. Heyl [1908, i]. Hydrolysis of Vignin of the Cow Pea 
(“ Vigna sinensis"). Amer, J. Physiol., 22, 362-372. 

Osborne, T. B., and F. W. Heyl [igo8, 2]. Hydrolysis of Vetch Legumin. Amer. J. 
Physiol, 22, 423-432. 

Osborne, T. B., and F. W. Heyl [1908, 3]. Hydrolysis of Vicilinfrom the Pea (“ Pisum 
sativum "). J. Biol. Chem., 5, 187-195. 

Osborne, T. B., and F. W. Heyl [1908, 4]. Hydrolysis of Legumelin from the Pea 
(“ Pisum sativum ”). J. Biol. Chem., 3 » 197-205. 

Osborne, T. B., and D. B. Jones [1910, i]. Some Modifications of the Method in Use for 
determining the Quantity of Mono-amino-acids Yielded by Proteins when Hydrolysed 
with Acids. Amer. J. Physiol., 26, 212-228. 

Osborne, T. B., and D. B. Jones [1910, 2]. A Consideration of the Sources of Loss in 
Analysing the Products of Protein Hydrolysis. Amer. J. Physiol., 26, 305-328. 

Osborne, T. B., and C. S. Leavenworth [1913]. Ho Gliadin and Zein Yield Lysine on 
Hydrolysis ? J. Biol. Chem., 14, 481-487. 


Osborne, T. B., C. S. Le.avenworth and C. A. Brautlecht [190S]. The Different 
Forms of Nitrogen in Proteins. Amer. J. Physiol., 23, 180-200. 



Osborne, T. B., and L. M. Liddle [zgxo]. Notes on the Analysis of Edestin cmd Zein. 
Amer. J. Physiol., 26, 295-304. 

f SBORNE, T. B., AND L. B. Mbndel [iQii, i]. Feeding Experiments with Isolated Food- 
Substances, Parts I. and II., 138 pp. Publication No. 156, Carnegie Institution of 
Washington, D.C. 

Osborne, T. B., and L. B. Mendel [1911, 2]. The Role of Different Proteins in Nutrition 
cmd Growth. Science, 34, 722-732. 


Osborne, T. B., and L. B. Mendel |^igz2, xj. Beobachtungen Uber Wachstum bet Faf- 
terungsversuchen mil isoUerten Nahrungssubstansen. Zeit. physiol.; Chem., 80, 307-370. 

I^SBORKE, T. B., AND L. B. I^Iendbl [z9X2, 2]. ThoRole of Gliadin in Nutrition. J. Biol. 
T Chem., 12, 473-5x0. 

Osborne, T. B., and L. B. Mendel [xgza, 3]. Maintenance Experiments with Isolated 
Protein. J. Biol. Chem., I3, 233-276. 

J Osborne, T. B., a.nd L, B. Mendel [xgi4, z]. Amino-Adds in Nutrition and Growth. 
* J. Biol. Chem., 17, 325-349. 

Osborne, T. B., and L. B. Mendel [xgx4, 2]. Nutritive Properties of Proteins of the 
Maize Kernel. J. Biol. Chem., 18, I-16. 


Osborne, T. B. , and L. B. Mendel [19x5, 1]. The Comparative Nutritive Value of 
Certain Proteins in Growth, and the Problem of the Prof em Minimum. J. Biol. Chem., 

20. 351-378. 

Osborne, T. B., and L. B. Mendel \;igi^, 2\. Prdttin Minima for Mcantenawe. 

J. Biol. Chem., 22, 241-258. . - ; i ;'vi - : 

Osborne, T. B., aot L. B. Mendel [igiCj,!]. . S^he AMino^Add Minimum- for Mainten- 
ance and Growth, -ca Kxen^tified hp Fwther i-^cperimehts with Lysine and Trypto- 
phane. J. Biol. Chem., 25, . r-Ji2. ■ . - ,1 

Osborne, T. B., and L. B. J^giSj 2ji.’ A Quantitative Comparison 0/ Casdn, 
Lcaialhumin and EdestiiHfffff^pw^^^A^ri^q,nce: ^, Biol. Chem., 



BIBLIOGRAPHY 


141 


OsBORN'E, T. B., AND L. B. MsNDEL [T916, 3]. The Effect of the Amino-Acid Content of 
the Diet on the Growth of Chickens. J. Biol. Chem., 26, 293-300. 

Osborne, T. B., and L. E. Mendel [1917, i]. The Relative Value of Certain Proteins 
and Protein Concentrates as Supplements to Corn Gluten. J. Biol. Chem., 29, 69-92. 

Osborns, T. B., and L. B. Mendel [1917, 2]. The Use of Cotton Seed as Food. J. Biol. 
Chem., 29, 289-317. 

Osborne, T. B., and L. B. Mendel [1917, 3]. The Use of Soy Bean as Food. J. Biol. 1/? 
Chem., 32, 369-387- 

Osborne, T. B., and L. B. Mendel [1918]. Nutritive Factors in Plant Tissues. I. The 
Protein Factor in the Seeds of Cereals. J. Biol. Chem., 34, 521-535. 

Osborne, T. B., and L. B. Mendel [1919, i]. The Nutritive Value of the Wheat Kernel 
and its Milling Products. J. Biol. Chem., 37, 557-601. , 

Osborne, T. B., and L. B. Mendel [1919, 2]. The Nutritive Value of Yeast Protein, 

J. Biol. Chem., 38, 223-227, 

Osborne, T. B., and L. B. Mendel [1920, i]. Nutritive Value of the Proteins of the 
Barley, Oat, Rye, and Wheat Kernels. J. Biol. Chem., 41, 275-306. 

Osborne, T. B., and L. B. Mendel [1920, 2]. Skimmed Milk as a Supplement to Com in 
Feeding. J. Biol. Chem., 44, 1-4. 

Osborne, T. B., L, B. Mendel and I. F. Harris [1905]. A Study of the Proteins of the ^ 
Castor-Bean with Special Reference to the Isolation of Ricin. Amer. J. Physiol., 14, 
259-286. 

Osborne, T. B., and 0. L. Nolan [1920]. Does Gliadin Contain Amide Nitrogen? J. 

Biol. Chem., 43, 311-316. 

Osborne, T. B., D. D, Van Slyke, C. S. Leavenworth and M. Vinograd ^915]- Some 
Products of Hydrolysis of Gliadin, Lactalbumin and the Protein of the Rice Kernel. J. 

Biol. Chem., 22, 259-280. 

. Osborne, T. B., and C. G. Voorhees [1893]. The Proteids of the Wheat-Kernel. Amer. 
Chem. J., IS, 392-471. 

Osborne, T. B,, and C. G. Voorhees [1894, i]. The Proteids of the Wheat-Kernel, 
Amer. Chem. J., 16, 324-335- 

Osborne, T. B., AND C. G. Voorhees [1894, 2]. The Protads of Cotton Seed. J. Amer. 
Chem. Soc., 16, 778-785. 

Osborne, T. B., and A. J. Wakeman [1920]. The Proteins of Green Leaves. I. Spinach > 
Leaves. J. Biol. Chem., 42, 1-26. 

Osborne, T. B., A. J. Waiceman and C. S. Leavenworth [1921]. The Proteins of the 
Alfalfa Plant. J. Biol. Chem., 49, 63-91. 

OsHiMA, K., AND T. Tadokoro [iqii]- On the Carbohydrate Group in Yam Mucin. J. 

Coll. Agr., Tohoku Imperial Univ., Sapporo, 4, 243-249. 

Palladin, W. [1895], Beiirdge zur Kenntniss der pjianzlichen Eiweissstoffe. Zeit. Biol., 

31, 191-202. 

Paris, G. [1911]. I vinaccioli. Staz. spedm. agrar. itaU, 44, 669-727. 

Parmbntibr, a. a. [1773, i]. Examin chimique des pommes de terre, dans lequel on traite 
des parties constituantes du bled, 25a pp. Paris, Didot le jeune. 
iPAiSkiENTiER, A. A. [1773, 2]. Memoirs qui a remporti le 'prix des Arts au jugement de 
tt I'Academie des Sciences, belles lettres et arts de Basancon sur cette question Iniquer les 

I v&gitaux qui pouvraient supplier en temps de disette aceux que Von emploie communiment 

' d la nouritture des hommes et quelle en devraii etre la preparation ? ” go pp. Paris, 
Knapen et Delaguette. 

Parmentier, a. a. [1776]. Exp^ences et rijlexions relatives d Vanalyse du bUd et des 
farines, zoo pp. Paris, Monory. 

Pascucci, 0 . [1905]. Ueber die Wirkung des Ricins auf Lecithin. Beitr. chem. Physiol. 
Path., 7, 457. 

Patten, A. J. [1903]. Einige Bemeriungen Ober das Cystin. Zeit. physioU Chem., 39« 
350-355- 

Payen et Henry, fils [1826]. Sur V albumins et sur la matiere caseeuse du lait et des 
amandes Smulsives. J. d. chim. med., de pharm. et de toxicol., 2, 156-162. 

Peligot, E. [1850]. la composition du ble. Ann. chim. phys., {3), 29, 3-34. 

Petit, P. [1-93]. Sur unenucUine vegitale. Compt. rend., iz6, 995-997« 

Ppaff, C. H. £1808-24]. .^stem^der Materia Medica naeh Chem. Prin., 6 , 136. Leipzig, 

F. C. W. Vogd. 


142 


THE VEGETABLE PROTEINS 


Pfsffer, W. [1872]. Untersuchiingen Uber du ProtAnkdvmr und die Bedeutimg des 
Asparc^ns beim Keimen der Samen. Jahrb. f. wissensch. Botanik, 8, 429 - 574 - 
Pfeffer, W. [1889]. Loew und Bokomy’s Silberreduction in Pflanzenzellen. Flora, 72, 
46-54. 

Pick, E. R., usd K. Spiro [1900]. Ueber gerinnungshemmende Agentien im Organismus 
hoherer Wirbelthiere. Zeit. physiol. Chem., 31, 235-281. 

V. Planta, a. [18S5]. Ueber die chemische Zusammensetzung des Blilthenstaubes der 
Haselstaube. Landw. Veisuchs-Stat., 31, 97-114. 

Poulletier [1796]. Quoted by Fourcroy on p. 364, vol. Hi, of Elements of Chemistry and 
Natural History. Translated by R. Heron, London, 4 vols. 

Power, F. B, [1901, i]. The Chemistry of the Bark of " Robinia pseudacacia,” LinnS. 

Pharmaceutical J., London (4), 13, 258-261, 275-279. 

Power, F. B. [1901, 2]. The Chemistry of the Bark of “Robinia psetidacacia," I., 23 pp. 
The Wellcome Chemical Research Laboratories, Power, London. 


Power, F. B,, asd J. Cambisr [1890]. On the Chemical Constituents and Poisonous 
Principle of the Bark of “ Robinia pseudeuadaf Linne. Pharmaceudsche Rundschau, 
N ew York, 8, 29-38. 

Praussitz, C. [1905]. Zur Naiur des Heufiebergiftes und seines specijischen Gegengiftes. 
Berlin klio. Wochenschr., 42, 227-231. 

r: Priasischxikow, D. [1904, i]. Ueber Ritthauseri s Klassifikation der pflanzlichen 
i ProteinkSrper. Landw. Versuchs-Stat., 60, 15-27. 


Prianischsikow, D. [1904, 2]. Ueber die Einwirkung von 4 prozent, SchwefelsOure auf 
das Legumiti. Landw. Versuchs-Stat., 60, 27-40. 

Prisgsheim, H. [1913]. Zur Totalhydrolyse des Hefeeiweisses. Wochenschr. f. 
Brauerei, 30, 399-400. 

Proust [1802, i]. Extrait d'une lettre du Professeur Proust d y, C. Delametherie. 
J. de phys., de,chim., d’histoire naturelle et des arts, 54, 198-200. 

Proust [1802, a]. Essai sur la f Scale desplantes vertes. J. dephys., de chim., d’histoire 
naturelle et des arts, 56, 97-113. 

Proust [1817]. De Vorge avant et apres sa germination, et consiquences ecotiomiques qui 
en resultant. Ann. Chim. Phys. (2), 5, 337-350. 

Radukoper, L. [1859]. Ueber Krystalle proteinartiger Korper pflanzlichen und thierischen 
Ursprungs, 154 S. Leipzig, W. Engelmann. 

Raubitschek, E. [1907]. Erfahrungen Uber das Erepsin. Zeit. exp. Path., 4, 675-680. 

Raubitschbk, H. [19x1]. H&maggluHnine pflanzlicher Provenienz und ihre AntikSrper. 

Kraus, R., und C. Levaditi : Handbuch der Technik und Methodik der Immunitats- 
/ forschung, I. Erganzungsbd., 625-630. 

VReeves, G. [1915]. A New Method for the Preparation of the Plant Globulins. Biochem. J., 
9i 308-510. 


Rehms, j. [1902, z]. Contribution d V&tude des toxalbumines vegStales. Compt. rend. Soc. 
Biol., 54, 8g-gi. 

Rbr:7S, j. [1902, 2], Essais sur les toxalbumines vigitales [abrine et ricine). Compt. 

rend. Soc. Biol., 54, 2x2-214. ^ 

Reid, G. [19x3]. BettrOge zur Kenntnis der chemischen Natur und des ' biologischen 
Verhaltens des Rizins. Landw. Versuchs-Stat., 82, 393-414. 

Reinke, j., usd I. Kratzschmar [1883]. Studien Uber das Protoplasma.. Untersuchungen 
aus dem Botanische Laboratorium der Universitat GOtdngen, Heft HI. 

Reinke, J., und Rodewald [x88i]. Studien uber das Protoplasyna. - ' Untersuchungen aus 
dem Botanische Laboratorium der Universitat G6ttingen, Heft 11 .- 

Rblanoer, L. [1908]. Kann man mit PrSzipitinreaction Samen von verschiedenen 
Pflanzenarten und Abarten von einander unterschiedan? Gentr. Bakt. Pan, 20, ate 
Abt 518-522. ^ > ; 

Repin [1895]. Sur I' absorption deVabrinepar les muqueusesf Ann. Inst. Pasteur, 9, 5x7^523. 

Reuter, C. [19x2], Beiird^e zur Kenntnis def stidk^tbjfhcdtigen Bestandteile der Pilze. 

Zeit. Ph3rsiol. CheiDif 78, 167-243. -~- 

Ritthausen, H. ’ Ueber die BesticfldtitetW'di^ WHzenklebers. J. pr. Chem;, 85, 

X 93 - 2 I 2 . . = ^ 


Ritthausen, H. [1862, a]. Ueber die -Zusammensetzung des Pflanzenleims und das 
Verhalfen desselben zu Wasser. p. piir,Uli^fh., 86, 257-265. . • « .'= ■ .- 

■■ ■ ‘ .il-. y . ■ ■ 


BIBLIOGRAPHY 


143 


Ritthauses, H. [1863]. Chemische Notizen : I. Ueber die Ziisammensetzung des 
PJlanzetileims ; II. Reactionen des PJlanzenleims ; III. Zur Darstellung des Pflanzen- 
leims. J. pr. Chem., 88, 141-145. 

Ritthausek, H. [1864]. Ueber die Bestandtheile des Weizenklebers. J. pr. Chem. 91, 
296-316. 

Ritthausbn, H. [1866, z]. UnterstichuHgen ilber einige Bestandtheile des Roggensamms. 
J. pr. Chem., 99, 439-454- 

Ritthausen, H. [1866, 2]. Ueber die Glutamins&ure. J. pr. Chem., 99, 454-462. 

Ritthausbn, H. [z866, 3]. Ueber die Bestandtheile des Weizenklebers. J. pr. Chem., 
99, 462-463. 

Ritthausbn, H. [1867]. Reaction auf Proteinstoffe. J. pr. Chem., io2, 376-377. 

Ritthausbn, H. [1868, i]. Ueber das Pflanzen-Casein oder Legumin. J. pr. Chem., 103, 
65-85, 193-216, and 273-277. 

Ritthausbn, H. [1868, 2]. Ueber die Zersetzungsproducte des Legumins tind des Protein- 
korpers der Lupinen und Mandehi beim Kochen mit Schwefelsdure. J. pr. Chem., 103, 
233-238. 

Ritthausbn, H. [1869, i]. Asparaginsdure und Glutaminsdure, Zersetzungsproducte des 
Legtimins beim Kochen mit Schwefelsdure. J. pr. Chem., zo6, 443-446. 

Ritthausbn, H. [z86g, 2]. Ueber die Proteinstoffe des Maissamens. J. pr. Chem., 106 
471-489. 

Ritthausbn, H. [i86g, 3]. Asparagins&nre und Glutantifisiiure, Zersetzungsproducte des ■ 
Legumins und Conglutins beim Kochen mit Schwefelsdure. J. pr. Chem., 107, 218-240. 

Ritthausbn, H. [^872, i]. Verbindungen der Proteinstoffe mit Kupferoxid {Legumins, 
Conglutins, Glufencaseins). J. pr. Chem., 5, 215-225. 

Ritthausbn, H. [1872, a]. Die Eiweisskorper der Getreidearten, Hulsenfmehie und 
Oelsamen, xi., 252 S. Bonn, Max Cohen u. Sohn. 

Ritthausbn, H. [1873]. Ueber Bestimniung des Stickstoffs der Eiweisskorper mittelst 
Natronkalk. J. pr. Chem., 8, 10-21. 

Ritthausbn, H. [1877]. Die Eiweisskorper der Pflanzensamen. Pfliiger’s Archiv, 15, 
269-288. 

Ritthausbn, H. [1878, i]. Ueber die Zusammensetzung der Proteinsubstanz der Berihol- 
letia {Para)-NUsse, Pfliiger’s Archiv, i6, 301-303. 

Ritthausbn, H. [1878, 2]. Ueber den Sticksfoffgehalt der PJlanzen^EiweisskOrper nach 
den Metkoden von Dumas und Will-Varrenirapp. Pflfiger’s Archiv, x8, 236-246. 

Ritthausbn, H. [1879]. Ueber die Eiweisskorper der Ricinussamen, der Proteinkorner , 
sowie der Krystalloide dieser Samen. Pfliiger’s Archiv, 19, 15-53. 

Ritthausbn, H. [1880]. Ueber die Eiweisskorper verschiedener Oelsamen. Pfluger’s 
Archiv, 2l, 81-104. 

Ritthausen, H. [1881, i]. Krystallinische Eiweisskorper aus verschiedenen Oelsamen. 

J. pr. Chem., 23, 481-486. 

Ritthausbn, H. [1881, a]. Ueber die Einwirkung von Salzlosungen auf Conglutin und 
Legumin. J. pr. Chem., 24, 221-225. 

Ritthausbn, H. [x88z, 3]. Ueber die Eiweisskorper der Oelsamen. J. pr. Chem., 24, 

257-273- 

Ritthausbn, H. [1882, z]. Ztisammensetzung der Eiweisskorper der Hanf samen und des 
krystallisirten Eiweiss aus Hanf und Ricinussamen. J. pr. Chem., 25, 130-137. 

Ritthausbn, H. [1882, 2]. Ueber die Zusammensetzung des krystallisirten Eiweiss aus 
KUrbissamen. J. pr. Chem., 25, 137-141. 

Ritthausbn, H. [1882, 3]. Ueber das Verhalten des Conglutins aus Lupinensamen zu 
Salzlosungen. J. pr, Chem., 26, 422-440. 

Ritthausbn, H. [1882, 4]. Ueber die Eiweisskorper der Pfirsichkerne und der PressrUck- 
stitnde von Sesamsamen. J. pr. Chem., 26, 440-444. 

Ritthausbn, H. [1882, 5]. Ueber das Verhalten des Legumins zu Salzlosungen. J. pr. 
Chem., 504-5x2. 

Ritthausbn, H. [18S4, z]. Ueber die Loslichkeitvon Pflanzenproteinkbrpernin Salzs&ure- 
halHgem Wasser. J. pr. Chem., 29, 360-365. 

Ritthausbn, H. [1884, 2]. Ueber die Zusammensetzung der mittelst Sedzlbsung darge- 
stellten Eirveisskorper der Saubohnen (" Vida f aba ”) und weissen BohHen (“ Phaseolus^*). 

J. pr. Chem., 29, 448-456. 


144 


THE VEGETABLE PROTEINS 


Ritthausen, H. [1896]. Ueher Leucinimid, An Spaltungsproduct der Eiweisskorper bei 
Kochen mit Saureti. Ber., 29, 2109-2110. 

Ritthausen, H. [r899, i], Ueber die EirBeisskorper des Weizenklebers oder Glutens. 
pr, Chem., 59, 474 - 478 . 

Ritthausen, H. [1899, 2]. EoslichkAt von EiwAssk'drpem in Glycerin. J. pr. Cheic 
59. 479-480. 

Ritthausen, H.. und U. Kreusler [1871, il. Leucin aus Pflangenproteinstoffen. ]. p; 
Chem., 3, 307-313- 

Ritthausen, H., und U. Kreusler [1871, 2]. Ueber die VerbrAtung der Asparaginsaw 
und GlutaminsOure unter den Zersetzungsfroducten der Proteinstoffe. J. pr. Chem 
3 . 314-317- 

Ritthausen, H., und R. Pott [1873]. Untersuchungen fiber Verbindungen der EiwAsi 
korper mit Kupferoxyd. J. pr. Chem., 7, 361-373- 

Robertson, T. B., and J. E. Greaves [1911]. On the Refractive Indices of Solutions c 
Certain ProtAns. V, Gliadin. J. Biol. Chem., 9, 181 184. 

Rochat, G. F. ri902]. Bijdrage tot de kennis van het werksame bestanddeel der ricmi 
Diss. Utrecfit, also Nederl. Tijdschr. V. Genesk, 2, 215. 

Rochleder, F. [1843]. Ueber das Legumin. Annalen, 46, 155-164. 

Rochleder, F. [1844]. Untersuchung der Kajfebohnen. Annalen, 50, 224-234. 

Roembr, P. [1901]. Experimentelle Untersuchungen fiber Abrin {^equiritol) Immuniid 
als GrunMagen einer rationellen ^equirity-T herapie. Graefe’s Arch. f. Uphthalmologie 
52, 72-142. 

Rohde, E. [1905]. Die Farbenreaktionen der EiwAsskorper mitp-Dimethylammobetizaldehyc 
und anderen aromatischen Aldehyden. Zeit. physioj^ Chem,, 44, 161-170. 

/Rona, P., und L. Michaelis [iQio]- Beitrdge zur all’gemeinen Eiweisschemie. II. Uebei 
die F&llung der Globuline im isoelektrischen Piinkt. Biochem. Zeit., 28, 193-199. 

Ronooer, N. [1899]. Ueber die BestandthAle der Samen von “ Picea excelsa " und uher dit 
Spaltungsprodukte der aus diesen Samen darstellbaren Proteinstoffe, Landw. Versuchs- 
Stat., 51, 8g-ii6. 

Rosenau, M. j., and j. F. Anderson [1908]. Further Studies upon Anaphalaxis. 
Bulletins of the Hygienic Laboratory, Public Health and Marine Hospital Service ol 
the United States, No. 45, 1-61. 

Rosenheim, O., and S. Kajiura [1908]. The Proteins of Rice. J. Physiol., 36, liv.-lv. 

Rouelle [1773, i]. Experiences, Journal de medicine, chirurgie, pharmacie, etc,, 39, 
250-266. 

Rouelle [1773, 2I. Observations sur lesficules on parties vertes desplantes et sur la matiire 
gluAnettse on vSgeto-animale. Journal de medicine, chirurgie, pharmacie, etc., 40, 

59-67- 

Rulino, E. [1846]. BesUmm'ing des Schwefels in den Schwefel- und Stickstoffhaltigen 
BestandihAlen des Pfanzen- und Thierorganismus. Annalen, 58, 301-315. 

Rufpel, W. G. [1898]. Zur Chemieder Tuberkelbacillen. Zeit. physiol. Chem., 26, 218-232. 

Sachs, H. [1905]. Ueber die Bedeutung des Danysz-Dungernschen Kriteriums, nebst 
Bemerkitngen fiber Prototoxoide. Centr. Bakt. Par., 37, 251-261. 

Sachssb, R. [1876, 1]. Ueber die ProtAnkrystalloide vm BerthoUetia excelsa. Sit- 
zungsber. Naturf. Gesell., Leipzig, 3, 23-26. 

S.ACHSSE, R, [1876, 2]. Ueber den Zusimmenhang von Asparagin und Proteinsubstanz. 
Sitzungsber. Naturf. Gesell., Leipzig, 3, 26-28. 

S.ANTESSON, C. G., UND £. CsDERLow jjigoi]. Enih&lt dos Secale comutum Eiweiss? 
Skandin. Archiv f. Physiol., ii, 342-353. 

DE Saussurb, T. [1833]. De la form ition du sucre dans la germination du froment. 
Biblioth^que Universelle des sciences et arts, 53, 260-276. 

ScH.ABR [1891]. Festschrift fUr Nogeli und Kdlliker. Quoted by Jacoby, Biochem. Centr., 
1903, I, 293. 

Schaffer, F. [1881]. Zur Kenntniss des My kopr Heins. J. pr. Chem., 23, 302-304. 

Scherer, J. [1841]. Chemisch-physiologische Untersuchungen. Annalen, 40, x-64. 

ScHiM"ER, A. F. W. [1878]. Untersuchungen Uber die ProtAnkrystalloide der Pflanzm, 
67 S. Diss. Strassburg, Triibner. 

ScHiMPBR, A. F. W. [1880]. Ueber die Krystallisation der AvaAssarUgen Substanzen. 
Zeit. Kryst. Min., 3, 131-168. 



BIBLIOGRAPHY 


145 


ScHjERNiNG, H. [1906]. On the Protein Substances of Barley, in the Grain itself and dur- 
ing the Brewing Processes. Compt. rend, dea travaux du Laboxatoire de Carlsberg, 6 , 
229-307. 

ScHjERNiNQ, H. [1910]. On the Proteid Substances of Barley, in the Grain itself and dur- 
ing the Brewing Processes. Second Section. Compt. rend, des travaux du Laboratoire 
de Carlsberg, 8, 169-395. 

ScHjERNiNG, H, [1913]. On the Proteid Substances of Barley, hi the Grain itself and dur- 
ing the Brewing Processes. Third Section. Compt. rend, des travaux du Laboratoire 
de Carlsberg, 9, 237-396. 

ScHjERNiXG, H. [1914]. On the Proteid Substances of Barley, in the Grain itself and dur- 
ing the Brewing Processes. Compt. rend, des travaux du Laboratoire de Carlsberg, ii, 
45'io5- 

ScHjERNiXG, H., AXD J. Hempel [1917]. 0 « the Proteid Substances of Barley, in the 
Grain itself and during the Brewing Processes. Section Four. Investigations as to 
Malting Power of Various Sorts of Barley. Compt. rend, des travaux du Laboratoire 
de Carlsberg, ii, 333-378. 

ScHLossBERGER, J. [1844]. Ueber die Natur der Hefe, mit RUchsicht auf die Gdhrungser- 
scheinungen. Annalen, 51, 193-212. 

Schmidt, A. [1871]. Ueber Emulsin und Legumin, 20 S. Diss. Tubingen, H. Laupp. 

Schmidt, C. L. A. [1915I. The Refractive Indices of Solutions of Certain Proteins, IX, 
Edestin. J. Biol. Chem,, 23, 487-493. 

ScHMiEDEBERG, O. [1877]. Ueber die Darstclliing der Para-Nuss-Krystallc, Zeit. physiol. 
Chem., I, 205-208. 

Schrader, J. C. C. [1S21]. Untermchung der Morchel. J, f. Chem. u. Phyj^., 33, 389-413. 

Schroder, R. j^igoa]. Zur Ke^tnis der Proteinsubstanzeii der Hefe. Beitr. chem. 
Physiol. Path., 2, 3S9-403. 

ScHRYVER, S. B. [1906], Chemistry of the Albimens, 192 pp. Philadelphia, P. Blakiston’s 
Son & Co. 

ScHUTT, F. [1888, i]. Ueber das Phycoerythrin. Ber. d. deutsch. hot. Ges., 6, 36-51. 

ScHUTT, F. [1888, 2]. Weitere Beitrdge zur Kenniniss des Phycoeryihrins. Ber. d. 
deutsch. Sot. Ges., 6 , 305-323. 

SCHUTZE, A. [1902]. Ueber weitere Amoendungen der Prazijbitine, Deutsch. raed. 
Wocheiischr., 28, 804-806. 

Schulz, F. N. [1901]. Die Krystallisation von Eiwnssstoffen und ihre Bedeutung fUr die 
Eiweisschemie, 43 S. Jena, Verlagvon Gustav Fischer. 

Schulz, F. N. [1903]. Die Grosse des Eiweissmolekttls, viii., 106 S. Jena, Verlag von 
Gustav Fischer. 

Schulze, E. [1878]. Ueber Zusammensetzung und Neubildung von Eiweissstojfen in den 
Lupinenkeimlingen. Landw. Jahrb., 7, 411-444. 

Schulze, E. [1880]. Ueber den Eiweissumsatz im Pflanzenorganismus, I. Landw 
Jahrb., 9, 689-748. 

ScHULZEi E. [1883]. Ueber den Eiweissumsatz im Pflanzenorganismus, II. Landw. 
Jahrb., 12, 909-920. 

Schulze, £. [1885, i]. Ueber den Eiweissumsatz im Pflanzenorganismus, III. Landw. 
Jahrb., 14, 713-729. 

Schulze, E. [1885, 2]. Zur Kenniniss der stickstoffhaltigen Bestandtheile der KUrbisheim- 
linge. J. pr. Chem., 32, 433-460. 

Schulze, -E. [1885, 3]. Untersuchungen aber die Amidosduren, welche bei der Zersctzung 
der Eiweissstoffe dutch Salzsdure und dutch Barytwasser entstehen. Zeit. physiol. 
Chem,, 9, 63-126. 

ScHULp, E. [1885, 4]. Ein Nachtrag zu den Untersuchungen fiber die Amidosauren, welche 
bei der Zersetzung der Eiweissstoffe durch Salzsdure und durch Barytwasser entstehen, 
Zeit. physiol. Chem., 9, 253-239. 

Schulze, E.^ [1888]. Ueber einige stickstoffhaltige BestandtheUe der Keimlinge von “ Sofa 
hispida," Zeit. physiol. Chem., 12, 405-415. 

Schulze, E, [1891]. Ueber die Bildung sticksioffhaltiger, organischer Basen beim Eiweiss- 
zerfall im Pflanzenorganismus, Ber., 24, xogS-iiox. 

Schulze, E. [1892]. Ueber den Eiweissumsatz im Pflanzenorganismus. Landw. Jahrb., 
21, 105-130. 

Schulze, E. [1893], Ueber einige siichstoffhaltige Bestandtheile der Keimlinge von “ Vida 
sativa,” Zeit. physiol. Chem., 17, 193-2x6. 

,10 



146 


THE VEGETABLE PROTEINS 


Schulze, E. [1894]. In wie weif stimmen der PJianzenkorper und der Tierkorper in ihrer 
chemischen Zusammensetzung Uberein wid in wie fern gleicht der pflanzUche Stoffwechsel 
dem tierischen ? Vierteljahrsschrift d. Naturf. Ges, in Zurich, 39, 243-274. 

Schulze, E. [1898, i]. Ueber den Umsafz der Eiweisssioffe in der Ubenden Pflmze. Zeit 
physiol. Chem., 24, 18-114. ' 

Schulze, E. [1898, 2]. Ueber die SpalUingsprodukte der ans Coniferensamen darstellbaren 
Proiemsfoffe. Zeit. physiol. Chem., 24, 276-284. 

Schulze, E. [1898, 3]. Ueber die Spaliungsprodukte der aus Coniferensamen darstellbaren 
Proteinsioffe, Zwdte Mittheilung. Zeit. physiol. Chem., 25, 360-362. 

Schulze, E. [1899]. Ueber das Vorkommen von Histidin und Lysm in Keimpflanzen. Zeit 
physiol. Chem., 28, 465-470. 

Schulze, E. [1904]. Ueber die Argmin-Bildung in den Keimpflanzen von “ Lupinus 
luteus." Ber. d. deutsch. Bot. Ges., 22, 381-384. 

Schulze, E. [1906]. Neue BeitrOge zur Kenntnis der Zusammensetzuntr und des 
Stoffwechsels der Keimpflanzen. Zeit. Physiol. Chem., 47, 507-569. “ 

Schulze, E. [1907]. Zur Frage der Bildungsweise des Asparagins und des Glutamins 
in den Keimpflanzen. Ber. d. deutsch. Bot. Ges., 25, 213-216. 

Schulze, E., und J. B.4.r3ieri [1879]. Ueber die Eiweisszersetzung in Kurbiskeimlmtren. 
J. pr. Chem., 20, 385-418. “ 

Schulze, E., und J. Barbieei [1881, 1]. Ueber das Vorkommen von Phenylamidopropion- 
saureunter den Zersetzungsprodukten der Eiweisssioffe. Ber., 14, 1785-1791. 

Schulze, E., und J. BiRsrERr [1881, 2]. Ueber das Vorkommen von Peptonen in den 
Pflanzen. J. Landw., 29, 285-311. 

Schulze, E., und J. B.^rbieki [1S81, 3]. Bestimmung der Eiweisssioffe und der nichtei- 
weissartigen Stickstoffverbindungen in den Pflanzen. Landw. Versuchs-Stat 26 
213-283. ■’ ’ 

Schulze, E., und J. Barbieri [1882]. Ueber das Vorkommen von Allantoin und 
Asparagin injungen Baumblattern. J. pr. Chem., 25, 145-158. 

Schulze, E,, und^ J. Barbieri [1883]. Ueber Phenylamidopropionsiture, Amidovalerian- 
s&ure und einige andere sticksioffhaltige Bestandtheile der Keimlinge von "Lupinus 
luteus.” J. pr. Chem., 27, 337-362. 

Schulze, E., und E. Bosshard [1883]. Ueber das Glutamin. Landw. Versuchs-Stat., 

29. 295-307. 

Schulze, E., und E. Bosshard [1885]. Zur Kenntniss des Vorkommens von Allantoin, 
Asparagin, Hypoxanthin und Guanin in den Pflanzen. Zeit. physiol. Chem., 9, 420-444. 

Schulze, E., und N. Castoro [igo3]« Beitrdge zur Kenntnis der Zusammensetzung und 
des Stoffwechsels der Keimpflanzen. Zeit. physiol. Chem., 38, 199-258. 

Schulze, E., und N. Castoro £i904l> Beitrdge zur Kenntnis der in ungekeimten 
Pflanzensamen enthaltenen Stickstoffverbindungen. Zeit. physiol. Chem., 41, 455-473. 

Schulze, E., und N. Castoro [1906, i]. Ueber den Tyrosingehalt der Keimpflanzen von 
"Lupinus albus." Zeit. physiol. Chem., 48, 387-393. 

Schulze, E. , und N. Castoro [1906, 2]. Bildet sich Homogentisinsdure beim Abbau des 
Tyrosins in den Keimpflanzen ? Zeit. physiol. Chem., 48, 396-411. 

Schulze, E., und E. Eug-ster fxSSz]. iST eue Beitrdge zur Kenntniss der stickstoffhaltigen 
Bestandtheile der Kartoffelknollen. Landw. Versuchs-Stat., 27, 357-373. 

Schulze, E., und A. Likiernik [1891]. Ueber das Lecithin der Pflanzensamen. Zeit. 
physiol. Chem., 15, 405-414. 

Schulze, E., und E. N.ageli L1887]. Zur Kenntniss der beim Eiweisszerfall entstehenden 
Phenylamidopropionsdure. Zeit. physiol. Chem., ii, 201-206. 

Schulze, E., und N. Rongqer [1899!]- Ueber die Bestandtheile der Samen von " Pinus 
cembra" (Zirbelkiefer Oder Arve). Landw. Versuchs-Stat., 51, 189-204. 

Schulze, E., und E. Steiger [1887]. Ueber das Arginin. Zeit. physiol. Chem., 11, 

43-65* 

Schulze, E., E. Steiger, und W. Maxwell [1891]. Uniersuchungen iiber die chemische 
Zusammensetzung einiger Leguininosensamen. Landw. Versuchs-Stat., 39, 269-326. 

Schulze, E., und E, Winterstein [1899]. Nachweis von Histidin undLysin unter den 
Spaltiingsprodukten der aus Coniferensamen dargestellten Proteinsubstanzen. Zeit. 
physiol. Chem., 28, 459-464. 

Schulze, E., und E. Winterstein, [igoi]. Ueber die Ausbeute an Hexonbasen, die aus 
einigen pflanzlichen Eiweissstoffen zu erhalten ist. Zeit. physiol. Chem., 33, 547-573. 


BIBLIOGRAPHY 


147 


Schulze, E., und E. Winterstein [1902, i], Ueber die bei der Spalimig der Ehneiss- 
substanzen entstehenden bastschen Produkte. Ergeb. d. Physiol., i, 32-62. 

Schulze, E., und E. Wintersteis [1902, 2]. Ueber die Tremiung Phenylalanins vm 
anderen Atmnosauren. Zeit. physiol. Chem., 35, 210-220. 

Schulze, E., und E. Winterstein [1902, 3]. BeitrOge zur Ketintnis einiger aus Pflanzejt 
dargestelUen Amtnos&uren. Zeit. physiol. Chem., 33, 299-314. 

Schltlze, E., E. Winterstein [1903]. Beitrtige zur Kenntnis der aus Pftanzen dar- 
stellbaren Lecttinne. Zeit. physiol. Chem., 40, 101-119. 


Schulze, E., und E. Winterstein [1905, i]. Ueber die aus den Keimpflanzen von 
Vtcta sativa und ‘ Luptniis albtis ” darstellbaren MonoamUios&uren. Zeit. ohvsiol 
Chem., 45, 38-60. ^ 


Schulze, E., und E. Winterstein [1903, 2]. Ueber das specifische Drekungsvermogen 
etmger aus Pflanzen dargestelUen Tyrosinpr&parate. Zeit. physiol. Chem,, 45, 79-83. 

Schwarz, F. [1887]. Die morphologische und chemische Zusammensetzung des Proto- 
piasmas. Cohn s Beitrage z. Biologic der Pflanzen, 5, viii., 244 S. Breslau, J. U. 
Kern’s Verlag. ’ *' 

Schwarz, L. [1900]. Ueber Verbindnngen der Eiweisskorper mif Aldehyden. Zeit. ohvsiol 
Chem., 31, 460-478. ^ 

Sequin, A. [1814]. M&moire sur le cafS. Ann. Chim. (i), 92, 5-24. 

Sertz, H. [1903]. Ueber die VerOndeningen des sogenannien bleischwarzenden Schwefels 
*7* Verhaltms zum Qcsamtschwefel bei der Keimung von Lupinen (” Luiinns aneusti- 
foltus ”). Zeit. physiol. Chem., 38, 323-335. ^ \ r a 

Settegast, H. [1878], mitgetheilt von H. Ritthausen. Ueber den Stickstoffgehalt der 
PflanzenetwetsskUrper nach den Methoden von Dumas und Will-Varrentrapb. PM<rez's 
Archiv, 16, 293-301. ' ® 

Shaw, G. W. [1907]. A Trial of the Polariscopic Method for the Determination ofGliadin 
J. Amer, Chem. Soc., 29, 1747-1730. 

Sherman, H. C. [1920]. Protein Requirement of Maintenance in Man and the Nutritive 
Efficiency of Bread Protein. J. Biol. Chem., 41, 97-109. 

Sherman, H. C., and Schlesinger, M. D. [igiij. Studies on Amylases. III. Experi- 
ments upon the Preparation and Properties of Pancreatic Amylase. J. Amer. Chem. 
Soc., 33, 1193-1204. 

Sherman, H. C., and Schlesinger, M. D. [1912]. Studies on Amylases. IV. A 
Further Itivestigation of the Properties of Pancreatic Amylase. J. Amer. Chem. Soc., 
34, 1104.1111. 

Showaltbr, M. F., and R. H, Carr [1922]. Characteristic Proteins in High- and Low- 
Protein Corn. J. Amer. Chem. Soc., 44, 20x9-2023. 

SiEBER, N. [igoi]. Ueber die Entgiftung der Toxine durch die Superoxyde, sowie tkierische 
undpjlanzliche Oxydasen. Zeit. physiol. Chem., 32, 373-591. 

SiEBER, N., und C. Schumof.f-Simonowski [ig02]. Die Wirkung des Erepsins und des 
Darmsaftes auf Toxine und Abrin. Zeit. physiol. Chem., 36, 244-236. 

Siegel, A. [1893]. Ueber die Qiftstoffe zweier Euphorbiaceen, 56 S. Diss. Dorpat, Karow. 

Siegel, O. [1870]. BeitrOge zur Kenntniss essbaren Pilze, 38 S. Diss. Gottingen, E. A. 


SjOLLEMA, B., UND 1 . J. RiNKES [1912]. Die Hydrolyso des Kartoffieleiweisses. Zeit. 
phj-siol. Chem., 76, 368-384. 

Skrauf, Z. H. [igo8] Ueber Desaminqproteine. Biochem. Zeit., 10, 245-248. 

Skraup, Z. H., und a, Wober [igog]. Ueber die partielle Hydrolyse von Edesiin. 
Monatsh., 30, 289-309. 

Snyder, H. [1899]. The Proteids of Wheat Flour. Bulletin Minnesota Agr. Exp. Sta., 
No. 63, 519-333- 

Snyder, H. [1904]. The Determination of Gliadin in Wheat Flour by Means of the 
Polariscope. J. Amer. Chem. Soc., 26, 263-266, 

SoAVE, M. [1907, i]. L'azoto della Zeina in relazione alVazoto totale e alVazoto delle altre 
sostanze proteiche nel Mais. Staz. sperim. agrar. ital., 40, 193-207. 

SoAVE, M. [1907, 2]. Sulla funzione biochimica della Zeina. Staz. sperim. agrar. ital., 
40, 244-247. 

SoMMERFELD, A. [1913]. Bin kurzer Beitrag zur Kenntnis der Wirkungen des Abrins. 
Landw. Versuchs-Stat., 82, 415-426. 

SouBEiRAN, E. [1826J, Pour servir A Vhistoire des semsnces imulsives. Journal de 
Pharmacie et des sciences accessoires (2), X2, 52-53. 


/ 148 THE VEGETABLE PROTEINS 

^ / Stepanofp, a. [1S96]. J&tudes sur la ricine et Vantiricine. Ann. Inst. Pasteur, 10, 
663-668. 

Stepf, J. [1859]. Untersuchung des Mais. J. pr. Chem., 76, 88-96. 

Stillmark, H. [1888]. Ueber Ricin; ein giftiges Ferment aus den Samen von Ricinus 
communis L, und einigen andereti Euphorbiaceen, 123 S. Inaug. Diss. Dorpat, E. J. 
Karow. 

Stillmark, H. [1889]. Ueber Ricin. Arbeiten des Pharmakologischen Institutes zu 
Dorpat, 3, 59-151. 

Stohmanm, F. [1883]. Caloritnetrische Untersuchungen. J. pr. Chem., 31, 273-306. 

Stohmann, F., uot H. Lanqbeix [i8gi]. Ueber den W&rmewerth der Nahrungshestand- 
theile und deren Derivative, J. pr. Chem., 44, 336-399. 

Stutzer [18S2]. Ueber das Vorkommen von Nuclein in den Schimmelpilzen und in der Hefe. 
Zeit. physiol. Chem., 6, 572-574. 

Summer, J. B. [1919]. The Globulins of the yack Bean, Canavalia ensiformis. J. Biol. 
Chem., 37, 137-142. 

Sure, B. [1920]. Ammo-Acids in Nutrition. I. Studies. on Praline: Is Proline a Growth- 
Limiting Factor in Arachin {Globulin from the Peanut) ? J. Biol. Chem., 43, 443-456. 

Sure, B. [1921]. Amino-Acids in Nutrition. III. Is Proline a Growth-Limiting Factor in 
the proteins of Peas {Vida saiiva) ? What Nucleus in Zein is Responsible for Sup- 
plementing these Proteins ? J. Biol. Chem., 46, 443-452. 

. . Sure, B., amd J. W. Read [1921]. Biological Analysis of the Seed of the Georgia Velvet 
j Bean, Stizolobium deeringia?ium. J. Agric. Research, 22, 5-15. 

- ./■ Sure, B., and W.E. Tottimoham [1916]. TheRelation of Amide Nitrogen to the Nitrogen 

Metabolism of the Pea Plant. J. Biol. Chem., 26, 535-548. 

Suzuki, S. [1907]. A Study of the Proteolytic Changes Occurring in the Lima Bean during 
Germination. J, Biol. Chem., 3, 265-277. 

Suzuki, U. [1899]. Ueber eine Proteinverbindung des Arginins. Chem. Zeit., 23, 658. 
Suzuki, U. [1900, i]. A Contribution to the Knowledge of Arginhi. Bull. Coll. Agr., 
Tokyo, 4, 1-23. 

Suzuki, U. [igoo, 2]. On the Formation of Arginine in Coniferous Plants. Bull. Coll. 
Agr., Tokyo, 4, 25-67. 

Suzuki, U. [1900, 3]. On the Occurrence of Organic Iron Compounds in Plants. Bull. Coll. 
Agr., Tokyo, 4, 260-266, 

Suzuki, U,, K. Yoshimura und S. Fuji £19^9]- Ueber die Eiweissstoffe aus Reissamen. 

J. Coll. Agr,, Tokyo, I, 77-88. 

SzuMowsKi, W. [1902]. Zein als Nahrstoff, Zeit. physiol. Chem., 36, 198-218. 

SzYMAMSKi, F. [1885]. Ztir Kenntniss des Malzpeptqns. Ber.^ 18, 492-496. 

Taddei, G. [1819, i]: Ricerche sul glutine di frumento, . Giornale di fisica, chemica, e 
storia naturale, Brugnateni.(2), 2, 360-361.. 

Taddel G. [1819, 2]. Sull albumina vegetabile. Giornale di fisica, chemica, e storia 
naturale, Brugnatelli, (2) 2, 367-374. 

. Takahashi, T., and.H. SatS [1913]. On the Chemical Composition of Polished Rice, with 
Special Reference to the Nutritive Value of its Protein Matters for Sak& Yeast and 

Aspergillus Oryzae. ColL. Agz.tlokyo, ^, '^.35-^52. 

Teller, G. E. [1896], The Quantitative Separation of Wheat Proteids. Bulletin Arkansas 
-^gr. Exp. Sta., No. 42, part 2, Si-104.. 

Teller, G. E. [i8-)7]. Concerning Properties Belonging to the Alcohol-Soluble Proteid of 
Wheat and of Certain Other. Cereal Grains. Am. Chem. J., 19, 59-69. 

Teller, G. E, [i8g8]. A Reportjof Progress in the Investigation in the Chemistry of Wheat. 
Bulletin Arkansas AjgL Exp. Sta., No. 53, 53-80. 

Theile, R. [1867]. Ueber die Entwickelungvoti Ammoniakbei der Eitmirkung von Alkalien ^ 
auf Eiweiss. Zeit. f. deut, Land\yirthe, xj, 302, Reprinted Chem. CcntTi, i, 385-395. 

Theile, R. [1868]. Ueber Legumin. Jenaische Zeit. f. Medicin urid Naturwissenschaft, 
4,264-280. - 

H., ti^ji CsAMyi: [igxg], .Ueber glutaminhaliige Polypeptide und'zur 

Frage ihres Vorkommens im Eiweiss. Zeit. ■physiol. Chem-, 105, 58-82. 

' “ Thomas, P. £1913]. \Sur les substances ^otSiques de id levure. Cbmpt; rend., 156, 2024- 

.... ■ . ; 2027. ■ : ■ r ' ; . ■ 

- Thomas, P., et S. KoijOi>zXE,jskA.[xgx 5 ]’ . idbsiattcesiprotSiques de la levure et leurs 
: - ~ Prodttits d'hydrolyse. Codipt, read., X5;j, 243-246: 



BIBLIOGRAPHY 


149 


Tiberti, N. [ig02]. Stil J>otere immunizzante del nucleoproteide estratto dal bacillo del 
carbOHchio ematico. II Policlinico, Firenze, 12. Abstract Biochem. Centr., 1903, l, 
361. 

Tichomiroff, M. [1895]. Ueber die F&llung von Toxalbuminen durch NucleinsHure. Zeit. 
physiol. Chem., 21, 90-96. 

Traxl, W. [1908]. Ueber Desamidoedestin. Monatsh., 29, 59-68. 

Troensegaard, N. [1921]. Nachweis von Pyrrolkorpern in den Proteinstoj^en. Zeit. 
physiol. Chem., 112, 86-103. 

Troensegaard, N. [1923]. Untersuchimgen iiber die Zusammensetzung der Proteinstoffe, II. 
Zeit. physiol. Chem., 127, 137-185. 

Tschirch, a., und H. Kritzler [1900]. Mikrochemische Untersuchungen iiber die 
Aleuronkdrner. Ber. d. deutsch. pharmaceut. Ges., 10, 214-222. 

Tsvett [1899]. Sur la liquif action riversible des ulbuminoides. Compt. rend,, 129, 551- 

352. 

Underhill, F. P. [1903]. New Experiments on the Physiological Action of the Proteoses. 
Amer. J. Physiol., 9, 343-373' 

Underhill, F. P., and B. M. Hendrix [1915]. Studies on the Physiological Action of 
Some Protein Derivatives. II. The Relaiion of Racemization to the Physiological Action 
of Proteins and Proteoses. J. Biol. Chem., 22, 453-464. 

Uno, H. [1902]. On the Amount of Soluble Albumm in Different Paris of Plants. Bull. 
Coll. Agr., Tokyo, 4, 391-393. 

Vandevelde, G. [1884]. Studienzur Chetnie des Bacillus subtilis. Zeit. physiol. Chem., 
8, 367-390. 

\ Van Slyks, D. D. [1911, i]. The Analysis of Proteins by Determination of the Chemical 
Groups Characteristic oj the Different Amino-Adds. J. Biol. Chem., 10, 15-55. 

Van Slyke, D. D. [1911, a]. Nachtrag zti meiner Mittdlung Uber die Bestimmung von- 
Aminogruppen in Aminov erbindungen uhd im Ham, sowie iiber eine Meihode zur Analyse 
von Proteineti. Ber., 44, 1684-1692. 

Y Van Slyke, D. D. [1912]. The Conditions for Complete Hydrolysis of Proteins. J. BioU 
. Chem., 12,. 295-299. 

V^an Slyke, D. D., and F. J. Birchard [1914]. The Nature of the Free Amino Groups in 
Proteins. J. Biol. Chem., 16, 539-547. 

Van Tieghem, P. [1875]. Nouvelles recherches sur les mucorinies. Ann. des sciences nat., 
(6). I, S-175. 

■'iVarrentrapp, F., cnd H. Will [1841]. Neue Methods zur Bestimmung des Stickstoffs iti 
organischen Verbindungen. Annalen, 39, 257-296. 

Vaudin [1906]. Sur Viodo-maisine. Bull, gdndr. de thdrapeut., 131, 292-293. 

Vaudin, P0N.ARD ET Labbe [1906]. Sur les matieres albuminoides iodSes et en particulier 
sur Viodo-maisine (nom depost). Bull, gdndr. de thdrapeut., 151, 22-23. 

Vaughan, V. C. [1916], Poisonous Proteins. Part II. Vegetable Proteins, J. Lab. and 
Clin. Med., I, 831-861. 

Vauquelin, L. N. [1801-02]. Sur les eaux sures (acides) des amidoriiers. Ann. Chim. (i), 
38, 248-264. 

Vauquelin, L. N. [1802-03]. Examen chimique du stic de papayer. Ann. Chim. (i), 43, 
267-273. 

Vauquelin, L. N. [1803-04]. Analyse du sue papayer. Ann. Chim., An. XII. (i), 49,. 

293-305. 

Vauquelin, L. N. [18x4]. Experiences stir les champignons. Ann. Chim. (i), 85, 5-25- 
V.AUQUELIN, L. N. [1817]. Analyse du riz. Journal de Pharmacie et des sciences 
accessoires (2), 84, 315-320. 

Vauquelin et Brongniart [1798]. Rapports gdndraux des travaux de la Societd 
philomatique de Paris, 21, 31. 

Verdeil, F. [1846]. Schwefelbesiimmung einiger organischtr Korper. Annalen, 58, 317-322. 
Vickery, H. B. [1922]. The Rate of Hydrolysis of Wheat Gliadin. J. Biol. Chem., 53, 

493-511. 

♦/Vines, S. H. [1879]. On the Chemical Composition of Aleurone Grains. Proc. Roy. Soc.,. 
28, 218-221. 

Vines, S. H. [1880, i]. On the Proteid Substances Contained in the Seeds of Plants. J.. 
Physiol., 3, 93-114- 

Vines, S. H. [1880, 2]. On the Chemical Composition of Aleurone Grains. Proc. Roy. See.,. 

30. 387-393. 



1^0 


THE VEGETABLE PROTEINS 


Vines, S. H., and J, R. Green [1892]. The Reserve Proieid of the Asiarastis Root Proc- 
Roy. Soc., 52, 130-132. 

Voqel, a. [i8i8]. Versuche Uber die bittern Mandeln. J, f. Chem. u. Phys., 20, 59-74. 

Von Bibr.^, see Bibra. 

Von EisIiEe, see Eisdbr. 

Von Holle, see Holle. 

Von Planta, see Planta. 

Wakulenxo, I. L. [1913]. Weitere Beitr&ge zur Kenntnis der vegetabilischen Hama^- 
gluttm?ie. Landw. Versuchs-Stat., 82, 313-391. “ 

Wai^en, C. J. H., AND _L. A. ^Vadoeel [18843. The IvoH-Bacillar Nature of Abrus 
^otsoH With Observations on its Chemical and Physiological Properties, 76 pn Calcutta 
Bengal Secretarial Press. 1 rr' > 

Waterman, H. C., AND C. O. Johns [1921]. Studies on the Digestibility of Proteins in 
Vitro. I. The Effect of Cooking on tfie Digestibility of Phaseolin. J, Biol. Chem., 46, 

/ 9-^7. * ’ 

>;Waterman, H. C., C. O. Johns and D. B. Jones [1923]. Conphaseolin. A New Globulin 
from the Navy Bean, Phaseolus vulgaris. J. Biol. Chem., 55, 93-104. 

^ Waterman, H. C., .and D. B Jones [1921]. Studies on the Digestibility of Proteins in 

1 J Digestibility of Various Preparations of the Proteins from the 

y^hiH^e and Georgia Velvet Beans. J. Biol. Chem., 47, 285-295. ^nsjrom me 

’Siadics on the Chemistry of Anaphylaxis. J. Infect. Diseases, S, 

449«4a3. . » 

Ji C? 9 Vl* Biological Reactions of the Vegetable 

Proteins. I. Anaphylaxis. J. Infect. Diseases, 8, 66-124. ^ 

Wells, H. G., and T. B. Osborne [1913J, 

Dependent on the Chemical Cons ' 

The Biological Reactions of the 

The Anaphylaetogenic Activity of Some 
DifealM. I4f377!384^*^ Biological Reactions of the Vegetable Proteins, V. J.'infect. 

^^^"'ProtSL^of V^iL The Anaphylactic Reaction with So-Called 

^ Vegetable Proteins, VI. J.. 

^^Phylaxis Reactions between Proteins from 

'19TT»-wrc«w D r—O n 



Bdtr. 

r-rSi-A'I D.-'j’..- -Vi 


zur path. 

mitfUaiUolm Zdt. 

Weyl, T., UND Bischoff [1880]. Ber.. 13, 367.369. 

Vr HiTE, B,, AND O.x Avery [1913J. Some Immunity Reactions of Edestin The Bio 
logical Rations of the Vegetable Proteins, III.: j.W. Di?eafes, ^^103-123 ^ 
WiENHAUs, O. [1909]. Zur Biochemie des Phasins, Biochem. Zeit., i8, 228-260 

^^^Sctence,^8, i$2-2i^^^ SoZ«&Z« Protein of Swede. TumipSi j. -Agr. 

-^WiMAN A [1896^7]. Siudier^ofver, Legumin. Upsala Lakateforenings fdrhandlingar 

^.F•.2,^o. 9, 553-561. AbstractinJahresbericht der.Thierchemie. 27. 21 ® ’ 

WrNTER^Ei^,E. J^8933..^ sticisf^aBigehEfcffe d^ PUze; Zeit. physiol. 


BIBLIOGRAPHY 


151 

WiNTERSTEiN, E., iTND E. Pantamelli [1905]. Uebsr die bet der Hydrolyse der Eiweisssub- 
stanz der Lupinensamm entstehenden Monoaminosauren. Zeit. physiol. Chem., 45. 
61-68. 

WODEHOUSE, R. P. [1917]. Imnmnochemical Studies of the Plant Proteins : Proteins of the 
V/heai Seed and Other Cereals, IX. Amer. J. Bot., 4, 417-429. 
t-'^VooD, T. B. [1907, i]. The Chemistry of the Strength of Wheat Flour. J. Agric. 
Science, 2, 139-160. 

vWooD, T. B. [1907, 2]. The Chemistry of the Strength of Flour. J. Agric. Science, 2, 
267-277. 

WoRoszow, W. N. £1907]. On the Production of Ricin from Old and Fresh Rieinus Seeds. 
Proceedings, Naturalists’ Society of the University of Jurjew, 16, 145-208. (In 
Russian.) Accompanied by an author’s abstract in German. 

WoRONZow, W. N. [1909]. Xur Frage ilber die chemische Naiur des Ricins. Proceedings, 
Naturalists’ Society of the University of Jurjew, 49-208. (In Russian.) Accompanied 
by an author’s abstract in German. 

Wroblewski, a. [1897!. Ueber die chemische Beschaffenheit der Diastase und fiber ^ die 
Bestimmung Hirer Wirksamkeit unter Benutzung von loslicher Star he, sotaie Uber etn in 
den DiastaseprcLparaten vorhandenes Araban. Zeit. physiol. Chem , 24, 173-223. 
Wro'blewski, a. [1898]. Gahrung ohne Hefezellen. Centr. Physiologic, 12, 697-701. ^ 
WuNSCHENDORFP, H. E. [^919]. Les matieres prbUiques de la graine de FeiiugreCy J. 
Pharm. Chim. (vii), 20, 86-88. 

Yoshimura, K. [-1910]. Ueber das Biweiss aus S amen von Pinus Koraiensis Sieb. et Zucc. 
Zeit. Nahr. Genussm., 19, 237-260. 

Zadik, H. [1899]. Stoffwechselversuche mil phosphorhaTiigen tind phosphorfreien Eiweiss- 
kdrpern. Pfliiger’s Archiv, 77, 1-21. 

Zbnneck, L. H. [1828]. Ueber Kleuer und verwandte vegetabilische Bildungstheile. 
Kastner’s Archiv fur die gesammte Naturlehre, Niirnberg, 15, 81-96. Abstract Mag. 
fiir Phairm., 1829, 26, 328. 

ZiMMERMANN, A. [1893]. Chemische Zusammetisetzung des Proplasten. Bot. Centr. 
Beihefte, 3, 321-328. 

ZoLLRR, P. [i83oJ. - Globuiinsubsianzen in den Kartoffelhnollett. Ber., 13» 1064-1065. 


2,i.AG 



INDEX. 


AbRIN, IIO, III. 

Acerin, 24. 

Adsuki-bean, protein in, 25, 99. 
Albumin, 2, 3, 4, 10, 16, 19, 20, 47, 51. 
Albuminoids, li, 18, 28. 

Alfalfa plant, protein in, 12, 90, 108. 
Almonds, proteins in, 24. 

Amandin, 24, 71, 79. 

Amide nitrogen, 75, 79. 

Anaphylaxis reaction, 7, 13, 14, 34, 118. 
Antiarin, 69, 88. 

Apricot seed, protein in, 24. 

Arachin, 24, 100. 

Avenalin, 24. 

Barley, proteins in, 3, 25, 26, 27, 102. 
Basic nitrogen, 71. 

Beans, proteins in, 3. 

— adsuki, proteins in, 25, 99- 

— Chinese velvet, proteins in, 24, 99. 

— Georgia velvet, proteins in, 25. 

— horsei 24. 

— kidney, proteins in, 24, 107. . 

— leaves, protein iii, il, 94. 

— lima, proteins iiij 25. . 

— ■ Mung, proteins in, 25. 

— soy, proteins in, 24, 106, 107. 

Brazil-nut, 33, 24, 72. . 

Buckwheat, proteins in, 25. 

Butter-nut, proteins in, 24. 

C.ABBAGE leaves, proteins in, 90, 94. 
Canavalin, 24. 

Candle-nut, protein in, 25. 

Castanin, 24. 

Castor-bean, proteins in, 14, 22, 25. 
Chestnut, European, proteins in, 24. 
Cocoa-nut, proteins in, 25. 

Cohune-nut, proteins in, 25. 

Colour reactions, 70. 

Cbnarachin, 24, 100. 

Concanavalin, 24. ^ 

Conglutin, 24, 74; 79, 99. 

Conphaseolin, 24. 

Corylin, 24, 71. 

Cotton-seed, proteins in, 25, 79, loi. 
Cow-pea, proteins in, 24. 

Crotin, no, 115. 

Crystalline proteins, 5, 8, 9, 10, 12, 14, 23. 
Cucurbitin, 24, 69, 71 j loi. 

Curcin, no, 115. 

Denaturing by acids, 59. 

— - — alcohol, 64. 

— — alkalis; 63. 


f Denaturing by heat, 20, 65. 

I metallic salts, 65. 

Diamide nitrogen, 77. 

Edestan, 60. 

Edestin, 22, 23, 24, 44, 48, 49, 52, 59, 67, 
69,70,79,101,117,119. 

Embryo, proteins in, 8, 9, 30, 104, 105. 

I Endosperm, proteins in, 8, 9, 104. 

I Excelsin, 23, 24, 71, 78, 85, loi. 

Flax-seed, globulin, 25, 71. 

— proteins in, 25, 33, 34. 

Glladin, rye, 27, 119. 

— wheat, 3, 1 1, 27, 56, 69, 75, 77, 79, 85. 
j 96, 98, 117, 119. 

•Globulins, 5, 10, 16, 20, 21, 47, 51, 

I — in various seeds, 23. 

. I Glutehns, 16, 19, 25. 
j Gluten-fibrin, 27. 

! Gluten maize, 26. 

.1 wheat, I. 

f Glutenin, maize, 26. 

!— wheat,. 26, 48, 119. 

4 Gtycihin, 24, 87. . 

I Glycoproteins, 31, 71. 
i Green plants, proteins in, 89, 107. 

Hemoglobins, 32. 

Hazel-nut, proteins in, 24. 

Hemp-seed, proteins in, ip, 24, 33, 52, 72. 

; Histones, 28. 

I Hordein, n, 27, 119. 
j Hydrolysis by acids, 68, 79. 

^ alkalis, 70, 77, 82. 

— — enzymes, 79. 

— rate of; 79. 

Isoelectric point, 36. 

Juglansin, 24, 71. 

- I Kafirin, 28, 98. 

; Leaves, proteins in, II. 

I Lecithoproteins, 33. . ’ 

I Legumelin, 20, 79, 100. 

! Legumin, 4, 24, 58, 69, 79, 85. 

; — from horse-bean, 24. 

j lentil, 3, 24. 

; ^ pea, 3, 22, 71, 100, 118. 

i — — vetch, 22, 71, 100, iiS. 
j Lentils, proteins in, 24. 
j Leucosin, 20, 67. - 
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Lima bean, proteins in, 25. 
Lupine-seeds, proteins in, 24, 33, 34. 

Maize, glutelin, 26, 98. 

— proteins in, 25, 27, 104. 

Maple-seed, protein in, 24. 

Maysin, 24. 

Mucedin, 27. 

Mung-bean, proteins in, 25. 
Mustard-seed, protein in, 25. 

Nitrogen in vegetable proteins, 71. 
Nucleoproteins, 9, 17, 28. 

Nutritive value of vegetable proteins, 95. 

Oats, proteins in, 25, 102. 

Oryzenin, 26. 

Pea, proteins in, 24, 107. 

Peach, proteins in, 24. 

Pea-nut, proteins in, 24, 100, loi. 
Peptides, 35, 69. 

Peptones, 34, 69. 

Phaselin, 21. 

Phaseolin, 23, 24, 79, 98. 

Phasin, no, 117. 

Phosphoproteins, 18, 31. 

Phycoerythrin, 32. 

Plant-fibrin, 4. 

Plant gelatin, 4. 

Plum, proteins in, 24. 

Potato, proteins in, 3, 24. 

Precipitation by acids, 58. 

dialysis, 57. 

dilution, 57, 

neutral salts, 57. 

Frolamins, 16, 19, 20, 56. 

Protamines, 28. 

Proteans, 17, 60. 

Proteoses, 18, 33, 51, 69, ng. 


1 Radish-seed, proteins in, 25. 

I Rape-seed, proteins in, 25. 

I Rate of hydrolysis, 79. 
j Relation of proteins to bases and acids, 36. 
! Rice, proteins in, 25, 26, 27, 56. 

Ricm, 14, 21, no, 112, 113. 

I Robin, no, 116. 

Roots, proteins in, 8, 9. 

I Rye, proteins in, 3, 7, 25, 26, 27, 103. 

i 

! 

I Scarlet runner beans, proteins in, 94. 

I Sesame-seed, proteins in, 25. 
j Sorghum seed, proteins in, 27. 

Spinach leaves, proteins in, 12. go, 9^, 04. 
j 108. -y > VO, 

■ Squash-seed, proteins in, 24, 69. 

{ Stizolobin, 24, 99. 
i Sulphur in vegetable proteins, 86. 

I Sunflower-seeds, proteins in, 25. 

i 

I Tomato-seed, proteins in, 25. 
j Toxalbumins, no. 

! Tuberin, 24, 44, 48. 

It- 

j L RAMINO nitrogen, 77. 

j Vetch seeds, proteins in, 20, 24, 33. 

; Vicilin, 24, 69, 79, 86. 

I Vignin, 24, 100. 

) 

Walnut, black, proteins in, 24. 

! — European, proteins in, 24. 

Wheat, glutelin, 25, 48, 98. 

— proteins of, 9, 25, 26, 27, 103. 

Zein, 4, 26, 56, 68, 69, 96, 97. 

Zymom, 4. 
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